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CHAPTER I 
INTRODUCTION 
In tropical and sub-tropical countries, the importance of livestock, 
particularly buffaloes (Bubalus bubalis) for agriculture and their immense 
value as a rich source of animal protein (meat, milk and milk products), 
energy and leather is well recognized. The merits, versatality and 
contribution of buffaloes to our economy has been well recognized (Cockrill, 
1974; Bhatia and Chauhan, 1984). They provide draught power and manure. 
They are also used in transport and generally referred as dairy, draught and 
meat animal of Asia. 
Livestock play vital role in rural economy and contribute to national 
uicome of India, which is basically an agricultural country. Livestock 
generated 32 per cent of total energy requirements for rural economy 
(Odend'hal,1972) and shared 8-42 per cent in the total output of crop 
cultivation. According to Annon (1994, as cited by Saifullah, 1999) the gross 
value of output from livestock sector alone was about Rs.588/- billion in 
1992-93, which constituted about 26 percent of the total value of agriculture 
output. India has achieved second position in the world for production of 
milk. The export of live animals, meat, meat preparations and dairy products 
from India increased remarkably during the last few years (Kumar and Singh, 
1999). Export of meat and meat preparations constitute about 88 per cent 
followed by live animals- 5,22 %, hides and skins- 31.2 %, eggs and dairy 
products- 2.37 % and animal fats- 1.2 % earning from livestock sector. 
During the early nineties the export significantly exceeded the total imports. 
Despite their importance in country's economy inadequate attention has 
been paid to animal wealth. Poor animal health is one of the reasons for 
substantial economic loss in developing countries. Among the different 
bubaline parasitic infections, helminthic diseases are most varried and of 
common occurrence. According to Griffiths (1974), buffalo is exposed to a 
higher risk of infection with snail borne helminths due to the animal 
propensity to seek rivers, pool and swamps for wallowing. Helminth 
parasites are responsible for marked deleterious effects that tend to lower the 
over all production both by way of morbidity and mortality. Since parasites 
cause damage to our livestock, hence responsible for loss in national 
economy as well as reduce the food resources available for many millions of 
inhabitants of India. It becomes essential that we should protect our livestock 
from these infections. 
Among the hehninthic d/iseases amphistomosis is the most common 
disease and the prevelance of infection reach 80-90% with worm burden tens 
of thousands of flukes (Ambu, 1978). Paramphistomes are thick bodied 
digenetic trematodes, distinguished from other forms by the presence of a 
posteriorly located acetabulum, are responsible for the disease, 
"paramphistomosis" in ruminants (Plate I and 11). This disease is 
characterized by acute gastroenteritis with high morbidity and mortality, 
particularly in young animals. The rumen amphistomes produced acute 
catarrhal and haemorrhagic inflammation in the abomasum, duodenum and 
jejunum with associated anaemia, hypoproteinaemia while haemorrhage, 
pronounced periductal fibrosis and other hyperplastic changes are caused by 
liver amphistomes. The symptoms of disease also include general weakness, 
increasing anorexia and polydypsia. Several outbreaks have also been 
reported by a number of workers (Mukherjee and Chauhan, 1965; Dutt, 
1980). 
Before the formulation of any chemotherapeutic or other control 
measures, an understanding of the parasite life cycle, biochemistry, 
physiology, host-parasite relationship and effect of microhabitat on parasites 
is prerequisite. The general plan of life cycle is outlined in Fig.l 
Flatworms have well-differentiated integrative nervous system which is 
characterized by highly secretory neurons (Renter and Gustafsson, 1989). 
According to Krieger (1983) and Falkner et al (1985), the nervous system 
Plate-1 
Fig. a : Heavy infection of Explanatiim explanatum in buffalo liver. Bile 
duct (arrow heads) enlargement and extensive liver damage can be 
seen. 
Fig. b : Heavy infection of Gastrothylax crumenifer in the anterior dorsal 
sac of the rumen. The flukes often occur in clumps (arrow). Muc-
osa at the attachment site become depigmented. 
3 
Plate-II 
Whole mount preparation of Explanati^m explanatum and 
Gastrothylax crumenifer stained with alcohoHc borax carmine. 
4 
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Fig. I: Genera] plan of life cycle of amphistomes. 
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was the first coordination system to evolve. Adult and developmental stages 
of parasitic flatworms rely on well developed neuromuscular system for host 
attachment, penetration, feeding and migration. Flatworms specialized in 
reproductive strategies, although they lack both endocrine glands and 
circulatory system but the role of nervous system in parasite reproduction is 
well known. Parasites perceive and respond to a wide array of environmental 
cues that serve to direct them often through their complex life cycles. 
The nervous system of parasitic flatworms provides a highly efficient 
means of cell to cell signaling to coordinate and control the repertoire of 
physiological and behavioral activities. The neuro-chemical complexity and 
plasticity of flatworm nervous system is based on multifunctional neurons 
that synthesise and secrete a multitude of neuro- active substances. 
Very little is known about the neurobiology and neuro- pharmacology 
of parasitic trematodes. Most of what is known about the neuro-muscular 
physiology and pharmacology in trematodes comes from earlier studies on 
Schistosoma sp. and Fasciola hepatica and more recently from monogeneans 
(Holmes and Fairweather, 1984; Fairweather et al, 1987; Cable et al, 1996). 
In general the flatworm central nervous system consists of a brain 
connected to three paires of longitudinal cords that run dorsally, laterally and 
ventrally (Fig. 2). The brain consists of cerebral ganglia connected by a 
commissure. According to Fairweather and Threadgold (1983) the ganglia 
apparently lack a sheath. Several pairs of anterior nerve tracts innervate the 
oral sucker, pharynx and some parts of body wall musculature, while the 
ventral sucker is primarily iimervated by the ventral nerve cord. 
Posteriorly several pairs of nerve tracts running in a submuscular 
position and interconnected by a variable number of commissures. In 
trematodes ventral pair of nerve tract is the most prominent. A number of 
transverse commissures connect the cords. In addition to nerve cords well-
developed nerve nets are also found in most flatworm taxa and they dominate 
Fig. 2 : A generalized schematic pattern of the trematode nervous 
system (A), and the anterior part of (A) after enlargement (B). 
Os: Oral sucker, Co: Commissur, Ph: Pharynx, Vnc: Ventral 
nerve cord, Lnc: Lateral nerve cord, Ac: Acetabulum, Dnc: 
Dorsal nerve cord, Tc: Transverse connective, Cg: Cerebral 
ganglion. 
7 
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the peripheral nervous system. These include sub-surface, sub-muscular, 
pharyngeal, intestinal and reproductive nerve plexuses. 
Neurons communicate with one another and their environment via 
chemical messengers which they synthesize and secrete at nerve-nerve and 
nerve-muscular junctions, like acetylcholine, 5-hydroxyttyptamine (5-HT) 
(synonym: serotonin), catecholamines and neuropeptides. Among the various 
neurotransmitters serotonin is of great importance. Besides being an 
important neurotransmitter it also serve as metabolic regulator in 
carbohydrate metabolism. The parasitic platyhelminths have 5-HT receptors 
that are pharmacologically different from those found in mammalian hosts. 
Such differences between host and parasite 5-HT receptors may provide an 
unique site for the selection of new chemotherapeutic agents against 
platyhelminthic infections. The somata of cholinergic and peptidergic 
neurons are usually smaller than those of serotoninergic neurons. The axonal 
extentions of the cell are typically urmiyelinated and contain neurotubules 
and peripherally arranged mitochondria. 
Rapid inactivation mechanisms are necessary for fast-acting 
neurotansmitters to relay signals from one excitable cell to another in a 
controlled manner. Acetylcholinesterase, monoamine and diamine oxidases 
and peptidases are responsible for metabolic inactivation of acetylcholine, 
biogenic amines and neuropeptides repectively. 
Monoamine oxidase [MAO; E.G. 1.4.3.4.] is a most commonly 
occurring flavoprotein of the outer mitochondrial membrane that catalyze the 
oxidative deamination of a variety of biogenic amines in the central nervous 
system and in the peripheral tissues, hi mammalian tissues it is well 
established that this enzyme is involved not only in the regulation of 
intracellular concentration of monoamines but also protects the organs from 
the toxic effects of the circulatory amines by preventing their accumulation 
upto toxic levels. 
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Inspite of its immense role in parasite life cycle alinost nothing is 
known about the neurophysiology of amphistomes. The role of 
neurotransmitters, their synthesis and degradation in amphistomes is not 
known till to date. The neuromuscular system has been used in the past as 
vulnerable target for antiparasitic agents, hi targeting the neurootransmitters 
and the related enzymes, the hope lies in a better understanding of the 
neuronal signal substances, their localization, the chain of synthesis and 
degradation mechanisms, by which these parasites control their activities. 
This could open the way for development of more effective and selective 
anthehnintics. 
Therefore, it was decided to study some aspects of the neurotransmitter, 
5-hydroxytryptamine (5-HT) and related enzyme, amine oxidases, in 
amphistome parasites, occupying two different microhabitat withdn the same 
host, the Indian water buffalo, Bubalus bubalis. It is hoped that the present 
work would stimulate and initiate further research on the nervous system of 
amphistomes for control purposes. The present work was carried in a 
moderately equipped laboratory with limited resources, particularly that are 
required for work on the neurophysiological aspects, however, the questions 
remained unanswered in the present study will form the basis of future 
research programme. 
CHAPTER II 
.10 
fflSTORICAL REVIEW 
The comprehensive survey of literature revealed that during the last 
twenty five years considerable attention has been paid to the parasite 
biochemistry and a wealth of information is available on various aspects of 
parasite metabolism (Coles, 1975; Von Brand, 1979; Barrett, 1981; Arme 
and Pappas, 1983; Harris, 1983; Smyth and Halton, 1983; Mansour, 1984; 
Bennet et al, 1989; Bryant and Behm, 1989; Barrett, 1991; Barrett, 1991a; 
1994; Smyth, 1996; Opperdoes and Michels, 2001). However, studies on the 
pharmacological and biochemical aspects with particular reference to 
nervous system have remained some what neglected, but limited information 
is available on the neuroanatomy and neurophysiology of helminths. 
The absence of a coelom and proper circulatory system in flatworms 
means that any long-distance coordination of processes such as growth and 
development is likely to be accomplished by components of nervous system. 
Adult and developmental stages of parasitic flatworms rely on well 
developed neuromuscular system which may play an important role in host-
attachment, co-ordinated rhythmical movements, penetration and feeding, 
more over in perception and response to a wide array of environmental cues 
that serve to direct them through their complex life cycles. 
Various substances which act as putative neurotransmitters like 
acetylcholine, biogenic amines which include serotonin, noradrenaline and 
dopamine with excitatory or inhibitory properties have been studied in 
parasitic helminths (Bennett et al, 1969: Gianutsos and Bennett, 1977; Pax 
et al, 1984; Fairweather et al, 1987; Halton et al, 1987; Maule et al, 1989; 
Maule et al, 1990 a, 1993, Halton et al, 1994; Reuter et al, 1995). Evidence 
of histamine or its synthesis in flatworms is either poor or non-existent 
(Mettrick and Telford, 1963; Eriksson et al, 1996). Glutamate also serve as 
candidate neurotransmitter in trematodes and cestodes (Brownlee and 
11 
Fairweather, 1996; Solis-Soto and Brink, 1994; Thompson and Mettrick, 
1989). Eriksson and Panula (1994) and Eriksson et al, (1995), Eriksson et al. 
(1995a) have demonstrated extensive immunoreactivity of a biogenic amine, 
GAB A, in the nervous system of Polycelis nigra, Dugesia tigrina, Moniezia 
expansa and in F. hepatica. 
Beside amines, some neuropeptides like FMRF-amide and 
neuropeptideY have also been isolated from flatworms and the amino acid 
sequences of some of them have been determined (Maule et al, 1991; Curry 
etal, 1992; Maule etal, 1993a, 1994; and Johnston etal, 1995, 1996). 
The predominantly occurring amines utilize aromatic amino acids as 
precursor of their synthesis. As for example tryptophan and tyrosine are the 
two amino acids which are utilized as precursor molecules for the 
biosynthesis of putative neurotransmitters, serotonin and catecholammes 
respectively. However, very limited information is available on the uptake of 
aromatic amino acids by helminth:;s. Previous studies by Read et al. (1963) 
and Harris and Read (1968) revealed that uptake of the two aromatic amino 
acids, tryptophan and tyrosine, is mediated, whereas Pappas and Gamble 
(1980) suggested that aromatic amino acids are absorbed by H. diminnta 
through a combination of mediated (Non-Na^ sensitive) transport and 
diffusion. They have further indicated the presence of at least two loci for the 
uptake of aromatic amino acids. Following uptake the synthesis of 5-HT in 
mammalian tissues involve different metabolic reactions (Udenfriend, 1959; 
Lovenrberg et ah 1962; Green and Sawyer, 1966; Loven::berg et al.,l96^). 
Two enzymes, tryptophan hydroxylase which hydroxylated tryptophan to 
5-hydroxytrypc-tophan (5-HTP) and the decarboxylating enzyme, aromatic 
L-amino acid decarboxylase (AADC), which decarboxylate 5-hydroxy-
tryptophan to 5-hydroxytTyptamine, are necessary for the biosynthetic 
pathway of 5-HT. 
The origin of 5-HT in helminth parasites is presently an area of intense 
investigation.The 5-HT could be absorbed from the host or synthesized de 
. 12 
novo in parasite tissues. Presence of L-amino acid decarboxylase which 
convert 5-HTP to 5-HT has been investigated in F. hepatica (Mansour and 
Stone, 1970). Similar data was reported by Bennett and Bueding (1973) and 
Catto (1981) for -S. mansoni. There could be a possibility that 5-HTP or 
5-HT itself may be provided to the parasite by the host. Blood platelets, in 
the hepatic vein is good source of indoleamine. Bennett and Bueding 
(1973) reported active system for the uptake of serotonin in S. mansoni. 
These finding led Bennett and Bueding (1973), Mansour (1979) and 
Mettrick et al. (1981) to suggest that 5-HT in adult hehninth tissues is of 
host origin. 
But this concept was not ftilly true for other parasites because the 
parasite inhabiting different microenvironments also posses some differences 
in their biosynthetic pathways, so generalization can not be made for all the 
parasites. Ribeiro and Webb (1983) were able to detect synthesis of labelled 
5-HT in H. diminuta which incorporated the radiolabelled tryptophan. This 
indicated that 5-HT synthesis is possible in adult helminth tissues. The 
presence of enzyme systems neccessaiy for the synthesis of serotonin from 
its precursor aromatic amino acid, tryptophan, in Ascaris sp.suggested the 
capability of ^e novo synthesis of 5-HT by nematodes (Chaudhuri et al, 
1988). In addition to de novo synthesis, 5-HT can also be absorbed fi"om the 
host by tissues of A.simm via the gut (Chaudhuri et al, 1988) and can 
possibly be synthesized by gut bacterial flora (Shankolahi and Donahue, 
1993). 
Catecholamine synthesis proceeding via tyramine and octopamine has 
been found m vhtually all the invertebrates so far studied (Martin and 
Spencer, 1983). Tyrosine hydroxylase and aromatic L-amino acid 
decarboxylase have been reported in C. elegans (Sulston et al, 1975). 
Coenorhabditis briggsae was found to be capable of synthesizing dopamine 
and nor-adrenaline from the precursors tyrosine and tyramme (Kisiel et a1^ 
1976). 
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Among the biogenic amines, 5-hydroxytryptamine (5-HT) has probably 
an ubiquitous distribution in vertebrates and invertebrates (Welsh and 
Moorhead, 1960; Bogdanski et al., 1963; Garattini and Valzelli, 1965; 
Erspamer, 1966 and Welsh and Williams, 1970). The presence of 5-HT has 
been demonstrated in the nervous system of a number of parasitic 
platyhelminths, including both trematodes and cestodes (Bermett and 
Bueding, 1971; Ribeiro and Webb, 1984). Amongst the helminths a possible 
role for 5-HT has been intensively investigated by Mansour and his 
colleagues (Mansour et al, 1957, Mansour, 1959; 1962) in the liver fluke F. 
hepatica. This indoleamine has been demonstrated histochemically and 
biochemically in parasitic nematodes (Willett, 1980; Horvitz et al, 1982; 
Mishra et al., 1984). In platyhelminths the axons are unmyelinated and 
possess axo-axonemal synapses and the neuro-muscular junctions are 
characterized by presynaptic vesicles (Silk and Spencer, 1969). 
Ultrastructural study revealed the presence of serotonin in vesicles, 
mitochondria and nucleolus within the muscle, hypodermis and intestinal 
tissues (Martin and Donahue, 1989). Varicose nerve terminals containing 
unidentified monoamines have been demonstrated in turbellarians (Dahl et 
al, 1963). 
Immunocytochemical studies have demonstrated the presence of 
serotonin in all platyhelminths classes with extensive staining in central 
ganglia, longitudinal cords, commissures, sub-surface nerve-net and in 
sensory structures, particularly in D.tigrina, Diclidophora merlangi, 
F. hepatica, S. mansoni, Grilotia erinaceiis plerocercoid, Hymenolepis 
diminuta and M. expansa (Bennett et al, 1969; Lee et al, 1978; Fairweather 
et al, 1987; Halton et al, 1987; Maule et al, 1990a; Maule et al, 1993, 
Halton et al, 1994; Renter et al, 1995). However, nothing is known about 
amphistomes. 
Brownlee et al. (1994) immunocytochemically localized 5-HT in the 
nervous system of the hydatid organism, Echinococcus granulosus where the 
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immunoreactivity was present throughout the central nervous system and 
also in the fibres innervating the somatic muscles. Serotonin plays a very 
important role in neuro-muscular coordination as musculature of the 
attachment organs like oral sucker of 5. mansoni and rostellum and sucker of 
E. granulosus are richly innervated by serotoninergic nerve cell bodies 
(Brownlee et al., 1994; Mair et ai, 2000). Furthermore, immunocytochemical 
studies have demonstrated 5-HT immunoreactive nerve fibres and nerve 
plexus within the enteric nervous system which is associated predominantly 
with the pharynx in Ascaris suum (Brownlee et al., 1994a). A study on the 
pharyngeal muscle of the free-living nematode Coenorhabditis elegans 
demonstrated that 5-HT was necessary to stimulate pharyngeal pumping and 
also necessary to maintain this activity in A. suum (Raizen and Avery, 1994; 
Brownlee et al., 1995), and that ingestion is blocked by the serotonin 
antagonist, granine (Avery and Horvitz, 1990). The 5-HT immunoreactivity 
was also recorded in muscular pharynx of digenetic trematodes, Gorgoderina 
vitelliloba and F. hepatica (McKay et al., 1991; Gustafsson et al., 2001). 
Pharynx is involved in various processes including feeding, regulation of 
hydrostatic pressure and excretion. Because of this reason the control of 
pharyngeal function is vital for nematode survival. 
Tekaya and NicoleDhainaut-Courtois (1996) detected 5-HT 
immunohistochemically in marine planarians Procerodes lohota and 
Sabussowia dioica. It is also present in larval stages of parasites as reported 
in cercariae of C. emascidanus and rediae of C. lingua, (Pan et al., 1994). 
Aminergic nervous system in developing cercariae and metacercariae of 
Diplostomum pseudospathaceum and cercariae of Globocaudata sp. have 
been reported by Niewiadomska et al. (1996; 1996a). Further, Consolazione 
et al., (1981) successfully appHed monoclonal antibodies against 5-HT for 
direct identification of neurons of brain and spinal cord of albino wistar male 
rats. 
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The 5-HT serves a variety of functions, most notably that of excitatory 
neurotransmission and also it has been shown to stimulate in vitro 
movement of intact worms as well as induce motility in muscle preparations 
of F. hepatica^, S. wansoni, H. diminuta and D. merlangi (Mansour, 1964; 
1984; Rahman and Mettrick, 1985; Mettrick et al., 1981; Pax e? al, 1984; 
Thompson and Mettrick, 1989). It also stimulate motor activity in Spirometra 
mansonoides (Tomosky et al., 1977). 5-HT also has a role in regulation of 
locomotion (Swimming) and feeding in the leech (Sawada and Coggeshell 
1976; Willard 1981). The 5-HT receptors of F. hepatica and A. suum differs 
both pharmacologically and biochemically from their mammalian 
counterparts (Donahue et ah, 1981; McNall and Mansour, 1984; Williams et 
al., 1992), and they are present on muscle membrane. 
Apart from neurotansmission and role in neuro-muscular physiology 
(Thompson and Mettrick, 1984; Pax et al., 1984) the 5-HT also serves as a 
metabolic regulator in helminths. It enhances the metabolism of 
carbohydrates which are the main source for energy in helminth parasites 
(Von brand, 1979; Barrett, 1981) by affecting the activities of 
phosphofiuctokinase and phosphorylase (Mansour, 1962). Stimulation of 
glucose uptake, glycolysis and glycogenolysis by 5-HT has also been 
reported (Mansour, 1959, 1979; Mettrick et al, 1981; Rahman and Mettrick, 
1985). 
The 5-HT is also knovm to be involved in the behavioural co-ordination 
of parasitic helminths. The circadian variations in the level of 5-HT are 
responsible for migratory behaviour of adult H. diminuta in rat intestine 
(reviewed by Mansour, 1984). Effect of 5-HT on the mating behaviour of 
male Ascaris has also been studied by Reinitz and Stretton (1996). 
Neurons containing catecholamine, either dopamine or nor-epinephrine^ 
are also present in turbellarians (Welsh and Williams, 1970; Reuter and 
Gustafsson, 1989) and trematodes (Gianutsos and Bennett, 1977) and in 
nematodes (Saxena et al, 1977; Frandsen and Bone, 1987; Agarwal et al. 
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1990), but apparently they are not present in cestodes (Gianutsos and 
Bennett, 1977; Lee et ah, 1978). In trematodes, dopamine is also excitatory, 
this catecholamine increases motility and lengthening in S. masoni and 
increases amplitude in F. hepatica (Holmes and Faii-weather, 1984; 
Wilcockson and Hilhnan, 1984). Neuroamines are also important from 
physiological point of view as they are involved in other important life 
functions, such as growth promotion (Smyth and Clegg, 1959), reproduction 
and egg production (Bennett and Gianutsos, 1978). In Ascaridia galli and 
Ascaris sp. increase in the level of biogenic amines during development has 
been observed by Mishra e?a/. (1984).Rapid inactivation mechanisms are 
necessary for fast acting neurotransmitters to relay signals from one excitable 
cell to another in a controlled manner. In mammalian system it is well 
estabhshed that MAO acts as a major scavenger of neuroamines, released as 
neurotransmitters at the neuronal junctions, while in non-neuronal tissues the 
enzyme prevents accumulation of spurious monoamines formed in side-
reaction of the main synthetic pathway or exogenous amines coming from 
dietary sources through circulation (Sweetman and Wheetman, 1972). 
Monoamine oxidase (Oj-oxidoreductase, E.G. 1.4.3.4.) is flavin 
containing enzyme found in the outer mitochondrial membrane. Not much 
K?r work has been done on the status of this enzyme in helminth parasites^ 
particularly in digeneans. However, Nimmo-Smith and Raison (1968) 
characterized S. mansoni MAO which was later on quantitated in H. diminuta 
by Moreno and Barrett (1979) and in Ascaris lumricoides var. hominis by 
Mishra et al. (1978), in Setaria cervi by Rathaur (1980), in A. galli by 
Mishra et al. (1983), and Nippostrongylus braziliensis by Agarwal et al. 
(1985). Role of MAO in the neuromuscular coordination of amphistome has 
recently been examined by Abidi and Nizami (2000). In previous studies 
(loc. cit.) it was suggested that prime ftmction of parasite MAO may be to 
protect parasite against exogenous amines present in host gut because high 
MAO activity in mammalian intestine may also be responsible for oxidative 
deamination of toxic amines (Nag et al., 1978). 
In 1942 Oster and Schlossman attempted to histochemically localize the 
MAO activity by incubating tissues in the presence of tyramine and 
demonstrated the aldehyde formed by the use of schiff s reagent. But the 
product formed by this method was soluble and diffusible and this technique 
was criticised by Gomori (1950) for histochemical localization. Many 
tetrazolium salts were used as reduction indicators for adequate visualization 
of the precipitated formazan particles. Francies (1953) used neotetrazolium 
for demonstration of the MAO sites. Blaschko and Hellman (1953) attempted 
to utilize the pigment formed on oxidative degradation of tryptamine and 
serotonin to localize MAO acitivity. Koelle and Valk (1954) treated tissue 
sections with hydrazine and incubated these in the presence of tryptamine 
and 3-hydroxy-2 napthoic acid hydrazide. The aldehyde formed by MAO 
activity was precipitated as hydrazone and sites of activity were visualized as 
a blue precipitate. Glenner et al. (1957) used tetra nitro blue tetrazolium salts 
for the histochemical localization of MAO and found an optimal activity 
between pH 7.2 and 7.6, and the reaction occured most rapidly when the 
temperature was maintained at 37°C. 
In S. mansoni high MAO activity was found to be evenly distributed in 
the whole worm. In male there is much greater bulk of muscle and associated 
nervous tissue and MAO activity was found more in male than female S. 
mansoni, while in A. galli MAO was found to be concentrated mostly in the 
cuticle, muscle, hypodermis, intestine and gonads (Mishra et al, 1983). 
Similar localization was found in S. cervi (Agarwal et al., 1990). 
MAO is supposed to be a group of enzymes with similar properties (Shih 
and Eiduson, 1969). Two forms of MAO viz: MAO-A and MAO-B differ in 
their substrate specificities (Achee et al., 1977, Youdim et al., 1988) and in 
their responses to inhibitors (Squires, 1972). Two- acetylenic amines, 
chlorgyline and deprenyUevealed the existence of two forms of the enzyme 
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(Johnston, 1968) which were differentiated into sub types A and B and the 
first selective inhibitor of type A enzyme, chlorgyline, was identified. This 
classification has remained on the basis of. all the biochemical, 
pharmacological and physiological studies done on MAO since 1968 and 
was responsible for the identification of deprenyl (Knoll and Magyar, 1972). 
The two isozymes also differ in their apparent molecular weights 
(Callingham and Parkinson, 1979; Brown et al, 1980) and amino acid 
sequences (Bach et al, 1988). Cloning of cDNA for MAO- A and MAO- B in 
mammalian system showed that they differ in primary amino acid sequences, 
indicating that the two forms are encoded by separate genes (Denney and 
Abell, 1984; Weyler et al, 1990). 
MAO-A and B are differentially expressed in a variety of tissues. 
Human liver and brain contain both forms of MAO (Johnston, 1968; Hsu et 
al, 1988) whereas other tissues such as human platelets (Donnelly and 
Murphy, 1977) or placenta (Egashira, 1976) contain primarily one form 
MAO-A and MAO-B respectively. 
Rat liver and human liver MAO electrophoretically separated into four 
bands (Murali and Radhakrishnan, 1970). But Youdim et al (1970) reported 
three bands of MAO from rat liver, whereas in human placenta MAO was 
separated into two isoerLzymes. Multiple forms of MAO have been 
suggested by Shih and Eiduson (1969) in chick developing brain. But 
purified monkey preparation did not reveal the existence of heterogeneity 
(Murali and Radhakrishnan, 1970). However, no report is available on the 
electrophoretic separation of MAO isozymes of helminths in general and 
amphistomes in particular. In a recent study, Abidi and Nizami (2000) 
reported differential influence of chlorgyline and deprenyl on the in vitro 
motility of amphistomes and suggested the possible existence of polymorphic 
forms of MAO-A and B in amphistomes. They also observed different 
responses of MAO to its inhibitors in parasites inhabiting different 
microenvironment within the same host. 
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Among the various substrates used for the assay of MAO activity 
highest MAO activity in A^ . braziliensis was observed v^ h^en dopamine was 
used (Agarwal et al, 1985). Similar findings have been observed in H. 
diminuta (Moreno and Barrett, 1979) and S. cervi (Rathaur, 1980; Agarwal 
et a/., 1990). In contrast, dopamine was least preferred substrate for MAO in 
A. gain where tyramine and 5-HT were metabolized faster than other 
substrates (Mishra et a/., 1983). In S. mamoni 5-HT and tryptamine were the 
preferred substrates (loc.cit.) The Michaelis constant (Km) value of MAO 
for serotonin was significantly higher (45 \iM) as compared to tryptamine 
(20 yM) while for S. cervi and A'', braziliensis the K^ value was 21.15 mM 
and 2.38 mM respectively, for dopamine. In S. cervi significant enzyme 
activity was also observed with serotonin (8.99 mM) and benzylamine (39.73 
mM). 
In H. diminuta the specific activity of MAO was approximately 
5 nmol/lOmin/mg protein while in rat liver it was 32 nmol/lOmin/mg protein 
and 21.5 nmol/lOmin/mg protein for mouse liver. In A. galli 368 nmoles/60 
min/mg protein activity was reported (Moreno and Barrett, 1979; Mishra et 
al., 1983). 
Beside substrate specificity there is considerable difference in the 
response of MAO to different inhibitors in different parasites. In A. galli 
Mishra et al (1985) observed 65, 72 and 93 % inhibition caused by lOOfjM 
concentrations of iproniazid, nialamide and pargyline respecstively whereas 
in H. diminuta iproniazid (300}iM), nialamide (300|iM) and pargyline 
(500|aM) were responsible for 18, 39 and 45 % inhibition of MAO 
respectively (loc.cit). Selective inhibitors of two forms of MAO, chlorgyline 
and deprenyl, caused 60 % and 40 % inhibition in A. galli and 90 % and 76 
% inhibition of MAO in S. cervi (loc. cit.). 
The pH optima for MAO was found to be 7.0 in S. cervi, 7,5 in 
N. braziliensis and A. ga///,while in S. mamoni it was found in the range of 
7.5-8.5. For the time course studies on monoamine oxidase it was observed 
that in monkey intestine (Murali and Radhakrishnan, 1970 ) rat heart (Sen et 
al, 1968) and S.mansoni, the linear en2yme activity was observed upto 60 
min, 60 min and 120 min, respectively, while iniV: braziliensis and A. galli 
the linear activity of MAO was maintained up to 10 minutes. 
Various anthelmintics like diethyl carbamazine, centperazine and 
suramine caused inhibition of 5. cervi MAO (Agarwal et ah, 1990). In order 
to verify the possible involvement of putative neurotransmitters as target 
sites for drug action the interactions of various neuroamines with levamisole 
has also been studied (Moreno and Barrett, 1979; Agarwal et al, 1983; 
Agarwal et al., 1990). Other drugs like pyrantal (1.5xlO'^M) and 
thiabendazole (1.5xlO"^M) also inhibit 42 % and 26 % MAO activity in H. 
diminuta and 62 % and 34 % inhibition in rat liver (Moreno and Barrett, 
1979). According to Terada et al. (1982) the effect of drugs on the motility of 
parasitic helminths have been tested as one of the useful approaches for the 
investigation of anthehnintics. Using isometric displacement transducer, 
Holmes and Fairweather (1984) demonstrated the effect of various aminergic 
agents on the in vitro motility of F. hepatica. The kinetic nature of filarial 
worm, S. cervi, MAO was found similar to other hehninth parasites but differ 
considerable from the mammalian counterparts. These differences as well as 
action of anthelmintic drugs suggest a possible importance of MAO in drug 
action and drug design (Agarwal et al, 1990). In targeting the nervous 
system, the hope lies in finding new chemotherapeutic agents that may either 
act specifically on some neurotransmitter or its receptors or along the chain 
of its synthesis or degradation with minimal side effects on the host. 
According to WHO report (1983) the studies on neurophysiological and 
neurotransmitter activities of helminth parasites as vulnerable targets,are of 
paramount importance for developing better anthelmintic drugs. 
In the present study, therefore, it has been decided to investigate the 
mode of uptake of neurotransmitter precursors, viz: aromatic amino acids. 
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distribution of 5-hydroxytryptamine, assay of amine oxidases. The kinetic 
properties as well as histochemical distribution of monoamine oxidase have 
also been investigated using the amphistome parasites infecting the Indian 
water buffalo, Bubalus bubalis. 
CHAPTER III 
22 
MATERIALS AND METHODS 
A. PARASITE COLLECTION; 
Active and mature flukes of Explanatum explanatum (synonym : 
Gigantocotyle explanatum) and Gastrothylax crumenifer were collected from 
the infected bile duct and rumen respectively, of the freshly slaughtered 
Indian water buffaloes {Bubaliis bubalis) at the local abbatoir. 
The worms attached to the host tissue were brought to laboratory 
expeditiously and washed thrice in Hanks' balanced salt solution (HBSS) 
without glucose, pH 7.4, premaintained at 37±1°C. The worms were 
immediately blotted on whatman filter paper and processed separately for 
homogenization, fractionation, enz}'me quantitation or else frozen at the 
minus 20°C for subsequent use. 
B. UPTAKE AND INCORPORATION OF NEUROTRANSMITTER 
PRECURSORS USING LIQUID SCINTILLATION COUNTING: 
KINETIC STUDIES: 
Freshly collected mature worms were thoroughly washed in HBSS 
without glucose, pH 7.4 at 37 ± 1°C and pre-incubated for 3 h and 30 min in 
the same medium. Following starvation, worms were incubated in the 
medium containing tritium labelled precursors of 5-hydroxytryptamine (5-
HT) and dopamine, the (^H)-tryptophan and (^H)-tyrosine (specific 
activities: 26 Ci/m mol and 49.1 Ci/ m mol) respectively for various studies. 
The method of Jeffs and Arme (1986; 1987) with some modifications has 
been followed in this study. 
(i) Time Lapse Study: 
In order to study the effect of different time periods on the uptake of 
tritium labelled precursor, two worms of approximately same size were 
incubated separately in 100 pM concentrations of tryptophan and tyrosine 
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with radioactive concentration of 0.5 |.iCi/2ml for each 5, 10, 15, 30, 45, and 
60 minutes in metabolic shaking water bath (Yorco), premaintained at 37 ± 
1°C. Thereafter, the incubated worms were thorosughly rinsed and vortexed 
three times in ice chilled saline without any labelled material in order to 
remove the adhered isotope. Then the worms were placed on an absorbent 
paper for the removal of excess saline and finally transferred into the 
scintillation vials containing 2 ml of absolute ethanol for extraction of 
labelled material. The metabolic free pool was extracted in ethanol for 24h 
at room temperature. Afterwards, the ethanol extracted worms were dried at 
90°C for the determination of dry weights, and 8 ml of 'High safe 3' 
scintillation cocktail (Pharmacia) was added in each scintillation vial 
containing the ethanol extracted sample and counted for 1 minute in Wallac, 
1410 Liquid Scintillation Counter (Pharmacia). 
(ii) Effect of different concentrations on the precursor uptake: 
In order to see the effect of different concentrations of the aromatic 
amino acids, worms were incubated for 10 min at 37 ± 1°C in various 
concentrations of ( H) tryptophan and ( H) tyrosine, ranging from 25 |JM to 
150|iM, prepared in Hanks' keeping the radioactive concentration constant at 
0.5 |xCi/2ml of the incubation medium. The rest of the procedure was same 
as described earlier for scintillation counting. 
(iii) Effect of drugs on the precursor uptake: 
Three anthelmintics drugs, levamisole, metrifonate, and oxyclozanide, 
which have been used against a variety of helminths, were also included in 
this study in order to test their effects on the precursor uptake. Levamisole 
(5 mM), metrifonate (1 mM) and oxyclozanide (1.59 mM) were added into 
the incubation medium. Two worms of approximately same size were 
incubated in each incubation vial containing 2 ml medium for 10 min at 37 ± 
1 C. The remaining procedures for radioaptive counting was same as 
mentioned earlier. 
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(iv) Effect of 5-HT on tryptophan uptake: 
In order to study the effect of 5-HT on the in vitro uptake of amino 
acids, two different concentrations of 5-HT, 250 nM and 500 |iM were used 
to test their effect on the uptake of labelled tryptophan. The remaining 
procedure was same as described earlier, 
(v) Tissue bound activity of precursors: 
After taking the dry weights the worms were solubilized in 1 ml of IN 
NaOH in a scintillation vial and then 8ml cocktail was added in each vial for 
the determination of tissue bound activity in order to see if the incorporation 
has taken place. 
Units: 
The uptake of neurotransmitter precursor amino acids in the kinetic 
studies has been expressed as lomoles of amino acid uptake per gm dry 
weight per 10 minute. 
C. IMMUNOCYTOCHEMICAL LOCALIZATION OF 5-HYDRQXY-
TRYPTAMINE (5-HT) BY INDIRECT FLUORESCENT ANTIBODY TEST 
(IFA): 
For the intracellular localization of 5-hydroxytryptamine immunocreac-
tive sites, immunocytochemistry was performed using the cryocut sections of 
the whole worms. 
Raising polyclonal antibodies (Primary antiserum): 
In order to develop primary antiserum, 8 mg of 5-HT was dissolved into 
0.65 M phosphate buffer, pH 7.4. Thereafter, emulsified with an equal 
volume of Freund's complete adjuvant (Sigma) and inoculated 
intramuscularly at four different sites in thigh and sub-scapular region. 
Following inoculation a total of eight boosters, each at an interval of 10 days 
were given using Freund's incomplete adjuvant. One week after the final 
booster, antiserum was collected from the marginal ear vein of rabbit. 
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For cytochemical demonstration of 5-HT the indirect immuno-
fluorescence (IFA) technique of Coons et al. (1955) and Cable et al. (1996) 
was employed. 
Worms were mounted in Tissue-Tek U (-20°C) and sectioned at 10 i^m 
on a Yorco cryostat microtome. Sections mounted on subbed slides were air 
dried for Ih, then non binding sites were blocked with blotto (5% skimmed 
milk prepared in PBS) for 4h. Thereafter, the sections were washed in PBS 
for 3-4 times for 10 minutes each at room temperature and then incubated in 
primary antiserum at a dilution of 1:5 with PBS for 18 h at 4°C. After 
washing for 30 min in PBS, slides were then incubated with the secondary 
antibody (FITC labelled anti-rabbit IgG) at a dilution of 1:100 for 40 min at 
4°C. Afterwards the sections were washed again in PBS, for 90 min, mounted 
in glycerol and examined on an OLYMPUS BH microscope under U.V. 
light. Photomicrographs were taken using an OR WO 100 ASA black and 
white film. 
D. ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA); 
The ELISA of 5-hydroxytryptamine for E.explanatum and 
G. crumenifer was performed as described by Ahmad and Nizami (1998). 
Flat bottomed polystyrene microtitre plate (Dynatech. Immulon 1) was 
coated with 50 )4,l/well of whole homogenate, protein concentration of 20 
Hg/ml in the coating buffer, and left for 6h at ?>1^Q. The wells were then 
washed three times with phosphate buffer saline containing 0.1 % Tween 
(PBST), blocked with 150 i^l of blotto (5 % skimmed milk in PBS) and 
incubated at room temperature for Ih. The plate was again washed three 
times with PBS containing 0.1% Tween. Serially diluted 50|il anti- 5-HT 
antisera was added to respective wells and incubated overnight at room 
temperature in a humid chamber. The plates were washed again for 3 x 10 
min with PBST. Thereafter, 50^1 of 1:1000 diluted anti rabbit IgG 
conjugated with alkaline phosphatase was added to each well and again 
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incubated for 2h at room temperature. After incubation the plate was washed 
for 3 X 10 min with PBST. The reaction was developed by adding lOO i^l of 
the substrate, p- nitrophenyl phosphate (SRL) at a concentration of 1 mg/ml 
in 10% diethanolamine (DEA) buffer and incubated at room temperature for 
10 min. Finally, the reaction was stopped by the addition of 50|il of 3N 
NaOH solution, and O.D. was recorded at 405 nm on an ELISA reader (SLT 
Lab Instrument, Austria). 
E. HOMOGENATE PREPARATION; 
Freshly blotted parasites were weighed and then minced on ice. The 
minced tissue were homogenized in 0.05 M Tris-HCl buffer pH 6.8, 
containing 0.25 M sucrose, 1.0 mM MgCl2, 1.0 mM ATP, 1.0 mM EDTA, 
100 mM KCl and 0.5 % bovine serum albumin (BSA) in glass-teflon tissue 
homogenizer fitted with a motor driven pestle.Thereafter, the cell free 
homogenate was subjected to differential centrifugation, 
F. ISOLATION OF MITOCHONDRIAL FRACTION: 
Since monoamine oxidase is a mitochondrial membrane bound enzyme, 
therefore, the homogenate was subjected to sub-cellular fractionation for the 
isolation of mitochondria using the differential centrifiigation technique of 
Podesta et al. (1986) with some minor modifications. 
The homogenate was first centrifiiged at 1000 xg for 15 min x 2 in a 
REMI C-24 bench top cooling centrifuge at 4°C. The pellet which contained 
nuclear fraction and cell debris was discarded and the supernatant was further 
centrifiiged at 8,000 xg for 30 min. The resultant mitochondria rich pellet 
was resuspended in homogenization medium with 0.5 % bovine serum 
albumin (BSA) and centrifiiged again at 8,000 xg for 30 min. The pellet was 
saved and resuspended in medium without BSA, then centrifuged at 16,000 
xg for 30min in a refrigerated centrifuge (lEC, 25). hi order to wash the 
pellet, it was resuspended in Tris-HCl buffer and centrifuged at 16,000 xg for 
Homogenate 
; 
Centriiuged at lOOOxg, 15 min x 2, 4°C 
i \ 
Pellet Supernatant 
(Discarded) I 
Centrifuged at 8000xg, 30 mia, 4°C 
supernatant Pellet (mitochondrial fraction) 
(Crude cytosol discarded) I 
Resuspended in homogenization medium with BSA 
Centrifuged at SOOOxg, 30 mia, 4°C 
PeUet saved and suspended in medium without BSA 
Centrifuged at 16,000xg, 30 min., 4°C 
Pellet resuspended in Tris-HCl (pH 7.4) 
Centrifuged at 16,000xg, 30 min., 4°C 
Pellet resuspended in minimum Tris-HCl buffer without 
BSA 
1 
Enzyme quantitation 
Fig.3 : Differential centrijFugation scheme for the isolation of mitochondria 
ofExplanatum explanatum and Gastrothylax crumenifer. 
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30 min. The final pellet was dissolved in a known volume of Tris-HCl buffer 
without BSA. All the procedures were carried out at 4°C. 
G. ENZYME ASSAY: 
(i) MONOAMENfE-OXIDASE (E.C.1.4.3.4.) ASSAY: 
Monoamine-oxidase (MAO) activity was assayed spectrophotomet-
rically by the method of Tabor et al. (1954) with some minor modifications. 
This assay involves the measurement of benzaldehyde produced during the 
oxidative deamination of ben2ylamine and depends on the difference in 
absorption spectrum of benzaldehyde and benzylamine at 250 nm. 
The standard assay mixture of 2 ml final volume comprised of 100 mM 
phosphate buffer, pH 7.2, 5.0 mM benzylamine hydrochloride, double 
distilled water and mitochondrial pellet. Reaction was initiated by the 
addition of substrate. The test tubes containing the assay mixture were 
incubated at 37°C for 30 min in a shaking water bath (Yorco). Thereafter, the 
reaction was finally terminated by adding 1 ml of 10 % perchloric acid 
(PCA). The tubes were centrifuged and the absorption of the supernatant 
was read at 250 nm.Control tubes in which the substrate was omitted were 
run simultaneously. Enzyme activity was calculated fi-om the molar 
extinction cosefficient of 12 x 10"^  x M'^  cm"^  for benzaldehyde. 
Enzyme Unit; 
Specific enzyme activity was expressed as iimoles benzaldehyde 
produced/mg protein/3 Ominutes at 37°C. 
(ii) DIAMINE OXIDASE (E.C.I.4.3.6.) ASSAY : 
Diamine oxidase (DAO) activity was assayed spectrophotometrically 
by the method of Lorenz et al. (1974). This involves the measurement of 
decrease in extinction due to oxidation of NADH, used as a measurement of 
DAO activity. 
The standard assay mixture of 3 ml final volume contained 0.15 M 
phosphate buffer, pH 7.4, 15 U/ml GLDH solution, 5.7 mM 2-oxoglutarate 
Fig. 4 : Monoamine oxidase reaction. 
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MAO RCH2NH2 + E - FAD ""^" • RCH = NH + E-FADH: •2 
RCH = NH + H20 • RCHO + NH3 
E-FADH2 + O2 • E - F A D + H2O: 
-2^2 
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solution, 0.19 mM NADH solution and enzyme sample, after mixing the 
cuvette was allowed to stand for 10 min.Then, the substrate solution (5.0 mM 
benzylamine) was added, mixed and after 2 min read the extinction against 
blank at 2 min intervals for 30 min at 340 nm. In controls the substrate was 
replaced by double distilled water. 
Enzyme Unit; 
Specific enzyme activity was expressed as Mmoles NADH oxidized/mg 
protein/30 minutes at 37°C. 
H. KINETIC STUDIES ON MONOAMINE OXIDASE OF EXPLANATUM 
EXPLANATUM: 
(i) Effect of different concentrations of substrate; 
A number of different substrate concentrations, viz: 1 mM, 3 mM,5 mM, 
7 mM and 9 mM, were prepared in double distilled water in order to see 
their effect on MAO activity. The kinetic parameters like Michaelis constant 
(Km) and maximum velocity (Vmax) were determined using double reciprocal 
plots of Lineweaver-Burk (1934). 
(ii) Effect of pH; 
To study the influence of pH on the activity of MAO following buffers 
(100 mM concentration of each) of different pH range were prepared. 
Buffer pH 
Phosphate buffer 7.0 - 7.2 
Tris-HCl 7.4 - 8.0 
Glycine-NaOH 8.5 - 9.0 
(iii) Effect of time of incubation; 
In order to determine the effect of incubation time on enzyme activity, 
the reaction mbcture was incubated for different time periods, 15, 30, 60 and 
90 minutes. The enzyme acitivity, thus obtained, was plotted against different 
time periods. 
Fig. 5 : Diamine oxidase reaction. 
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DAO R-CH2-NH2 + O2 + H2O i^^V R-CHO + NH3 + H2O2 
NH3 + 2-Oxoglutarate + NADH + H^ ^^"^Xilutamate + NAD"" H2O 
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(iv) Effect of inhibitors; 
To see the effect of inhibitors on monoamine oxidase activity, the assay 
mixture was pre-incubated for 30 minutes with pargyline (5 xlO~^M), 
chlorgyhne (2 x 10"^ M) and deprenyl (2 x lO"* M). Thereafter, the enzyme 
activity was assayed as described earlier, 
(v) Effect of drugs: 
To study the effect of drugs on the activity of monoamine oxidase, 
oxyclozanide, metrifonate and levamisole were used in the present study, hi 
each of the following experiments the drug solution was added to the assay 
mixture. 
(a)Oxyclozaiiide: (2,2'- Dihydroxy-3,3'5,5'6-pentachlorobenzanilide) is an 
ethanol soluble compound. The final concentration of ethanol was 
approximately 3 % in each incubation mixture. Oxyclozanide was used in the 
concentration of 1.59 mM. (supplied by Imperial Chemical Industries 
Limited, Great Britain) 
(b)Metrifonate: (2,2,2-Trichloro-l-hydroxyethyl) phosphonic acid dimethyl 
ester is a water soluble organophosphorus compound supplied by Bayer. The 
1 mM concentration of metrifonate was used in the present study. 
(c)Levaniisole: (L[-]-2,3,5,6-Tetrahydro-6-phenylimidazo[2,1 -b]thia-zole) It 
is a water soluble drug which was used at 5 mM concentration in this study. 
The levamisole was obtained from Sigma Chemical Company (USA). 
(vi) Effect of Serotonin (5-HT); 
For the investigation of effect of 5-HT on MAO activity, 5 mM 
concentration of 5-HT was used as a substrate instead of benzylamine in the 
assay mixture.Thereafter, the enzyme activity was assayed as described 
earlier. 
The controls were also run simultaneously in each experiment. Enzyme 
activity was measured keeping the total assay volume constant. 
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CH,N 
^H,c; :CH 
CH, 
Pargyline 
CI 
CH, 
O — CH^ —CH^—CH^ —N—CH^ — C ^ CH 
Clorgyline 
CH, CH, 
CH—CH —N— CH — C=CH 
Deprenyl 
Fig. 6: Structure of MAO inhibitors. 
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DRUG 
a) Oxyclozanide 
b) Metrifonate 
c) Levamisole 
CLASS 
Salicylanilide' 
compound 
Organophosphorus 
compound 
Imidazole 
compound 
CHEMICAL STRUCTURE 
CI OH HQCl 
rVcO-NH-(3 
CI CI t l 
CH,0. 0 OH 
CH,0 > - ' 
CH CCl 
SOLUBILITY 
Ethonol 
Aqueous 
Aqueous 
Fig. 7: Chemical structures of the anthelmintic drugs used. 
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L PROTEIN ESTIMATION: 
Protein was estimated by the dye-binding method of Bradford (1976) as 
modified by Spector (1978) using bovine serum albumin as standard. 
Data was subjected to statistical analysis for the determination of level of 
significance as described in Sokal and Rholf (1981). 
J. mSTO-ENZYMOLQGlCAL STUDY; 
For histoenzymological localization of monoamine oxidase in various 
regions ofE. explanatiim and G. crumenifer fresh worms were embedded in 
Tissue-Tek II. Sections were cryocut at 8 (im thickness on a cryostat (Yorco) 
at -25°C. Immediately afterwards sections were processed for staining. The 
following medium was prepared for enzyme staining. Sections were 
incubated for 5h at 37 ± 1°C in the test medium. Controls were also run 
simultaneously by treating the sections at 80°C or by omitting the substrate 
from the reaction mixture. The principle of reaction is based on the 
reduction of tetrazolium salt to a formazan by acetaldehyde, a product of the 
action of monoamine oxidase on tyramine - HCl. 
Test medium for the staining of enzyme; 
Tyramine - HCl 20 mg 
Tris-HCl(O.lM) 15 ml 
Nitro-BT 10 mg 
Distilled water 10 ml 
The stained slides were mounted in glycerol and photomicrographs were 
taken on a binocular microscope attached with Nikon Camera, using a 35 
mm Konica 100 ASA coloured film. 
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OH-<>^^H,CH,NH. - r f ' « ° - V VcH.CHO 
Tyramine p-Hydroxyphenylacetaldehyde 
NBT Formazan 
Fig. 8 : Priciple of histoenzymological staining of monoaniine oxidase. 
CHAPTER rV 
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RESULTS 
A. TTPTAKE OF NEUROTRANSMITTER PRECURSORS: 
The results of the present study revealed that the amphistome parasites 
under in vitro condition utilize precursors of neurotransmitters, the aromatic 
amino acids, tryptophan and tyrosine, which could be used for the synthesis 
of serotonin and dopamine respectively. The results of this study are 
summarized in Figs. 9-15 and Tables 1-6. 
(i) Time Lapse Study: 
It has been found that the uptake of 100 \M. L- (^H) tryptophan and 
L- (^H) tyrosine during the time course study was linear over the first 10 
minutes of incubation for both the parasites under study and thereafter the 
uptake follows a saturation kinetics (Fig.9). 
Quantitatively the order of uptake for the two precursor amino acids 
under study in both the liver and rumen amphistome parasites was: L-( H ) 
tryptophan > L-CH) tyrosine. Both qualitative as well as quantitative 
differences, in the uptake with respect to time were evident in the two 
amphistomes. Since the initial rate of uptake was found to be linear over the 
first 10 minutes of incubation, therefore, this time period was selected for 
subsequent uptake studies, 
(ii) Effect of different concentrations on the precursor uptake: 
Following the incubation of worms in different concentrations of amino 
acids, ranging from 25 |LIM to 150 |iM, it was observed that both the amino 
acids were absorbed via a mediated process with the involvement of an 
apparent diffusion component as can be seen from Figs. 10-13. The values 
for the total amino acid uptake (A) were corrected for diffusion component 
(C) and the values thus obtained for the mediated uptake (B) were plotted. 
The mediated uptake follows a typical saturation curve obeying the 
Michaelis-Menten kinetics. The values of amino acid transport constant 
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showing the substrate affinity and maximum velocity of uptake were 
calculated from the double reciprocal plot of Lineweaver-Burk (1934) 
prepared from the values obtained for the mediated uptake. Transport 
constants- Kt and V a^x values showing the substrate affinity and maximum 
velocity of uptake of both the amino acids in liver and rumen amphistomes 
have been presented in Table 1. It can be seen from these results that in both 
the amphistomes, E. explanatum and G. crumenifer, higher Vmax values were 
recorded for tryptophan. On comparing the Vmax values for both the amino 
acids between the two parasites it was noticed that the values were 
comparatively higher in E. explanatum than G. crumenifer, thus indicating 
the rate of uptake was higher in the liver amphistome. The order for the Kt 
was not the same as Vmax- The Kt values were higher for L- ( H) tyrosme 
(11.45 liM) as compared to L- (^H) tryptophan (9.34 nM) for E. explanatum 
while for G. crumenifer the Kt value for L- ("^H) tryptophan (19.00 \M) was 
higher than L- (''H) tyrosine (15.15 \\M). However, the ratio of Vmax and Kt 
values were higher in E. explanatum for both the amino acids. 
(iii) Effect of drugs on the precursor uptake: 
The anthelmintics, metrifonate, levamisole and oxyclozanide, used in 
the present study, produced varying degree of inhibition of transtegumental 
uptake of precursor amino acids (Figs. 14 and 15, Tables 2 and 3). All the 
three drugs used in the present study were found to significantly (p<0.01) 
inhibit tryptophan uptake in E. explanatum with interspecific insignificant 
(p>0.05) variation in their level of inhibition, while in G. crumenifer the over 
all inhibitory effect on tryptophan uptake was insignificant (p>0.05). It is 
evident from the results that the maximum inhibition of tryptophan uptake in 
E. explanatum was caused by oxyclozanide (31.60 %) followed by 
metrifonate (28.00 %) and levamisole (27.00 %) (Fig. 14 and Table 2), 
whereas for tyrosine the order of inhibition for the three drugs used in the 
study was: levamisole (41.00 %) > metrifonate (37.00 %) > oxyclozanide 
Fig. 9 : Uptake of 100 |iM (^ H) tryptophan (a) and (^H) tyrosine (b) by 
Explanatum exp/anatum (o-o) and Gastrothylax crumenifer (x-x) 
at different incubation periods. Each point is the mean of three 
replicates + S.D. 
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X—X ^- cruinenifer 
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Fig. 10 : Uptake of ( H) tryptophan as a function of ( H) tryptophan 
concentration (a) by Explanatum explanatiim showing the 
mediated uptake (B) obtained from the total uptake (A) values 
corrected for diffusion component (C). Each point is the mean 
of four replicates ± S.D. (b) Lineweaver-Burk plot of mediated 
uptake of (^ H) tryptophan in Explanatum explanatum. 
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E. explanaium 
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Fig. 11 : Uptake of (' 'H) tryptophan as a function of (^H) tryptophan con-
centration (a) by Gastrothylax crumenifer showing the 
mediated uptake (B) obtained from the total uptake (A) values 
corrected for difftision component (C). Each point is the mean 
of four repHcates + S.D. (b) Lineweaver-Burk plot of mediated 
uptake of (^H) tryptophan in Gastrothylax crumenifer. 
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Tryptophan conc.(jiM) 
(b) 
0.06 -0.04 -0.02 0 0.02 0.04 
l/|SI (MM) 
Fig. 12 : Uptake of ( H) tyrosine as a function of ( H) tyrosine concentra-
tion (a) by Explanatum explanatum showing the mediated 
uptake (B) obtained from the total uptake (A) values corrected 
for diffusion component (C). Each point is the mean of four 
replicates + S.D. (b) Lineweaver-Burk plot of mediated uptake 
of (^ H) tyrosine in Explanatum explanatum. 
it 
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Fig. 13 : Uptake of (^ H) tyrosine as a function of (^ H) tyrosine concentra-
tion (a) by Gastrothylax crumenifer showing the mediated 
uptake (B) obtained from the total uptake (A) values corrected 
for diffusion component (C). Each point is the mean of four 
replicates + S.D. (b) Lineweaver-Burk plot of mediated uptake 
of ("^ H) tyrosine in Gastrothylax crumenifer. 
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Table 1 : The kinetic values for the uptake of amino acids by 
Explanatum explanatum and Gastrothylax crumenifer. 
Parasites Amino acids 
E. explanatum 
G. crumenifer 
Tryptophan 
Kt 
9.34 
19.00 
V, max 
2.56 
0.89 
Tyrosine 
Kt V, max 
11.45. 1.18 
15.15 0.75 
The transport constants showing the uptake affinity (Kt) of amino acids 
and their maximum uptake velocity (Vmax) was determined from the 
Lineweaver-Burk (1934) double reciprocal plots for the mediated uptake. 
Kt: IJ.M, Vmax- limoles / gm dry weight / 10 min. 
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Tabic 2: The effect of anthelmintics on tryptophan uptake by 
Explanatum explanatum and Gastrothylax crumenifer. 
Drugs E. 
Control 
Levamisole 
Metrifonate 
Oxyclozanide 
explanatum* 
2.63 ±0.03 
1.92±0.11 
1.90 ±0.22 
1.80±0,13 
Inhibition 
(%) 
27.00 
28.00 
31.60 
G. crumenifer* 
1.00 ±0.00 
0.87 ±0.13 
0.91 ±0a2 
0.89 ±0.01 
Inhibition 
(%) 
13.00 
09.00 
11.00 
* [xmoles tryptophan uptake /gm dry wt./10 min. 
Three replicates were determined in each experiment. 
Fig. 14 : The effect of anthelminthics on tryptophan uptake by 
E. explanatum and G. crumenifer. 
C: Control, L: Levamisole, M: Metrifonate 
O: Oxyclozanide. 
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Effect of drugs on tryptophan uptake 
3.0 
2.5 
2.0 
t 
t: 1.5 
1.0 
0.5 
0.0 
C L M O 
E.explanatum 
C L M O 
Ccrumenifer 
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Table 3 : The effect of anthelmintics on tyrosine uptake by 
Explanatum explanaium and Gastrothylax crumenifer. 
Drugs E.explanatum* Inhibition G. crumenifer^ Inhibition 
Control 1.27 + 0.00 0.84 + 0.10 
Levamisole 0.75 + 0.12 41.00 0.55+0.04 34.50 
Metrifonate 0.80 + 0.05 37.00 0.82 + 0.01 02.40 
Oxyclozanide 1.05 + 0.07 17.30 0.68 + 0.09 19.10 
* i^moles tyrosine uptake /gm dry wt./10 min. 
Three replicates were assayed in each experiment. 
Fig. 15 : The effect of anthelmintics on tyrosine uptake by 
E. explanatum and G. crumenifer. 
C: Control, L: Levamisole, M: Metrifonate, 
O: Oxyclozanide. 
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Effect of drugs on tyrosine uptake 
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(17.30 %) (Fig. 15 and Table 3). In G.cnimenifer the order of inhibition was 
same for both amino acids: levamisole > oxyclozanide > metrifonate, 
however, per cent inhibition was different as levamisole caused 13.00 % 
inhibition of tryptophan uptake followed by oxyclozanide (11.00 %) and 
metrifonate (9.00 %) whereas levamisole produced 34.50 % inhibition of 
tyrosine uptake followed by oxyclozanide which caused 19.10 % inhibition. 
However, the tyrosine uptake in rumen parasite was least sensitive to 
metrifonate which produced only 2.40 % inhibition. 
(iv) Effect of 5-HT on trvntophan uptake: 
It can be seen from the summarized results presented in Table 4, that 5-
HT produced significant stimulatory effect on the uptake of tryptophan in 
both the amphistomes, particularly when 5-HT was used at 5 0 0 | J M 
concentration, the uptake was several fold higher when compared with the 
normal activity in the rumen amphistome, G. crumenifer. 
(v) Tissue bound activity of precursors; 
In both the amphistomes the tissue bound activity was signisficantly 
higher for tryptophan as compared to tyrosine (Table 5 and 6). Although the 
total uptake values of tryptophan and tyrosine were considerably higher in 
E. explanatum but the per cent tissue bound activity was higher for 
tryptophan in G. crumenifer only (Table 4). At 75fiM concentration the 
labelled tyrosine was not incorporated into the tissues of G. crumenifer, 
while at 100 ^M concentration the incorporation was only 5.71 per cent, 
indicating insignificant difference between the two parasites with respect to 
tyrosine incorporation (Table 6), but tryptophan appeared to be 
predominantly incorporated in both the parasite tissues (Table 5). 
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Table 4 : Effect of 5-HT oir tryptophan uptake in liver amphistome, 
Explanatum explanatum and in rumen amphistome, Gastrothylax 
crumenifer. 
Parasite Normal Tryptophan + 5-HT Tryptophan + 5-HT 
(lOO^iM) (250|aM) (lOO i^M) (500^iM) 
+ S.D. +S.D. . 
E. explanatum 1.30 1.90+0.12 2.60 + 0.36 
G.crumenifer 0.95 0.80 + 0.05 3.25 + 3.00 
Three replicates were assayed for each experiments. 
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Table 5 : The tissue bound activity of labelled precursor, tryptophan, 
in amphistomes, Explanatum explanatum and Gastrothylax 
crumenifer. 
Parasite Amino Acid 
conc.(iiM) 
E. explanatum 
i) 100 
u)125 
G. crumenifer 
i) 100 
ii)125 
Trvptophan 
Total uptake* Tissue bound* 
2.31 ±0.09 
2.08 ±0.34 
0.59 ±0.15 
0.79 ±0.01 
0.77 ±0.08 
0.82 ±0.12 
0.25 ±0.01 
0.34 ±0.00 
Per cent of 
Total uptake 
33.33 
39.42 
42.37 
43.04 
|umoles/gm diy wt./lO min. 
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Table 6 : The tissue bound activity of labelled precursor, tyrosine, in 
amphistomes, Explanatum explanatum and Gastrothylax crumenifer. 
Parasite 
E. explanatum 
G. crumenifer 
Amino Acid 
conc.(|iM) 
i) 75 
ii) 100 
i) 75 
ii) 100 
Tyrosine 
Total uptake* Tissue bound* 
1.19±0.06 
1.12±0.00 
0.57 + 0.02 
0.70 + 0.01 
0.07 ±0.01 
0.07 ±0.03 
-
0.04 ±0.01 
Per cent of 
Total uptake 
5.88 
6.25 
-
5.71 
^ |j,moles/gm dry wt./lO min. 
- Not detected. 
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B. EMMUNOCYTOCHEMICAL LOCALIZATION OF 5-HYDROXY-
TRYPTAMINE (5-HT) BY E^IRECT FLUORESCENT ANTIBODY TEST 
OFA): 
This study was carried out using the cryocut saggital sections (Figs. 16 
and 17) of both the liver and rumen amphistomes in which immuno-
cytochemicai mapping of 5-hydroxytryptamine was performed using 
flourescein isothyocynate (FITC) labelled immunoconjugate. 
The results of the present study revealed differential distribution of 5-
HT in different regions of the liver amphistome, E. explanatum and rumen 
amphistome, G. crumenifer. In both the amphistomes 5-HT immuno-
reactivity was totally absent in syncitium, while strong immunofluorescence 
was recorded in the parenchyma, sub-tegumental and tegumental area of E. 
explanatum, exhibiting moderate to strong activity, while in G. crumenifer 
moderate activity was noticed. In E. explanatum oral sucker, pharynx and 
gonopore displayed moderate activity.In uterus and acetabular region low to 
moderate activity was observed. Perhaps due to autofluorescence strong 
activity was recorded in the egg shell (Plate III, Table 7). The 
immunoreactivity was not recorded in the gonads of the amphistomes. 
In G. crumenifer moderate to intense activity was observed in the 
intestinal lumen, while intestinal muscles and acetabular region exhibited 
low to moderate activity (Plate IV, Table 7). Moderate level of 
immunoreactivity was also seen in the ventral pouch region. Low level of 
activity was recorded in oral sucker, pharynx and uterus while weak activity 
was also observed in parenchymal region (Plate IV,Table 7). 
C. ENZYME-LINKED IMMUNOSQBENT ASSAY fELISA^: 
In order to test the antigenic potential of 5-HT of parasite origin, whole 
homogenates were separately used and the antibody titer was determined 
using hyperimmune sera raised in rabbit against 5-HT and tested by ELISA. 
The result of the present investigation are summarized in Figs. 18-19 and 
Table 8. 
A maximum of 1:6400 dilution of the primary sera detected the 
E. explanatum whole homogenate, beyond which the ELISA absorbance 
value dropped below the cut-off point, thus indicating low antibody titre 
against the liver amphistome, while G. cnmenifer whole homogenate 
appeared to be more antigenic, as these antigens could be detected up to 
dilution of 1:12800 of the primary antisera by ELISA. 
D. Enzyme assay: 
For the isolation of mitochondria of E. explanatum and G. crumenifer, 
the differential centrifugation method of Podesta et al. (1986) as followed by 
Abidi and Nizami (2000) was used, since intact organelles are obtained by 
this method as confirmed by transmission electron microscopy (plate V). 
MONOAMINE OXTOASE (E.C.1.4.3.4.) ASSAY: 
The normal activity of mitochondrial MAO was estimated in the liver 
and rumen parasites E. explanatum and G. crumenifer, respectively, and it 
was found to be 19.20 + 0.00 and 12.00 ± 3.90 ^moles benzaldehyde 
produced / mg protein / 30 min, respectively, indicating a high level of 
oxidative deamination can be accomplished by the liver amphistome. (Table 
9). 
DIAMINE OXIDASE (E.C.1.4.3.6.) ASSAY: 
The diamine oxidase activity was neither detected in the cytosolic nor in 
the mitochondrial fraction of both the worms under study. 
Since, high level of mitochondrial monoamine oxidase was recorded in 
the liver amphistome, therefore other kinetic parameters were also 
determined for this enzyme using E. explanatum as modal parasite (Table 9). 
Fig. 16 : The diagram of the sagittal section of Explanatum 
explanatum. 
Os: Oral sucker, Tg: Tegument, Ph: Pharynx, Sv: Seminal 
vesicle, Eg: Egg, Ts: Testes, Ov: Ovary, Ac: Acetabulum. 
.A^V ^^i' 
' ... . I V 
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Fig. 17 : The diagram of the sagittal section of Gastrothylax 
crumemfer. 
Os: Oral sucker, Tg: Tegument, Ph: Pharynx, Ic: 
Intestinal caeca, Sv: seminal vesicle, Vp: Ventral pouch, 
Ts: Testes, Ov: Ovary, Ut: Uterus, Ev: Excretory vesicle, 
Ac: Acetabulum. 
5b 
Table 7 : Immunocytochemical localization of 5-HT in liver and 
rumen amphistomes, Explanatum explanatum and Gastrothylax 
crumenifer. 
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Worm region 
Syncitium 
Tegument 
Sub- tegument 
Oral sucker 
Pharynx 
Intestinal caecae 
(i) Intestinal muscles 
(ii) Intestinal lumen 
Parenchjona 
Ventral pouch 
Gonads 
(i) Testis 
(ii) Ovary 
Gonopore 
Uterus 
Acetabulum 
(i) Outer lining 
(ii) Inner lining 
5-HT Immunoreactivity in 
E. explanatum 
-
+ + + 
+ + / + + + 
+ + 
+ + 
-
-
+ 
-
- • 
+ + 
+/ + + 
+ / + + 
+ / + + 
G. crumenifer 
-
+ + + 
+ + 
+ 
+ 
+ + / + + + 
+ / + + 
+ 
+ + 
-
-
+ 
+ / + + 
+ / + + 
- absent, + low, + + moderate, + + + intense, + / + + low to moderate, 
+ -I- / + + + moderate to intense. 
Plate- III 
Immunocytochemical localization of 5-hydroxytryptainine (5-HT) 
in cryocut sections (10|jm) of liver amphistome, E^planatum 
explanatum.(figs: 1-5). 
Os: Oral sucker, Sc: Syncitial layer, Stg: Subtegument, Pa: Parenchy-
ma, Go: Gonopore, Ph: Pharynx, Eg: Egg, Ac: Acetabulum. 
:lii^^jiification: figs. 1-5: x 100. 
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Plate- IV 
Immunocytochemical localization of 5-Hydroxytiytamine (5-HT) 
in cryocut sections (10|im) of rumen amphistome Gastrothylax 
cnimenifer ( figs: 1-5). 
Os: Oral sucker, Nc: Nerve cord, Sc: Syncitial layer, Stg: 
Subtegument, Pa: Parenchyma, Ph: Pharynx, Vp: Ventral pouch, 
Ic: hitestinal ceaca, Ac: Acetabulum. 
Magnification: figs 1,2,4: xlOO. 
figs 3,5: x200. 
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Table 8 : Antibody titre values for antiserotonin Vs Explanaium explanatum 
and Gastroihylax crumenifer (whole homogenate) antigen. 
Serum dilutions 
G. explanatum 
S. D.± 
G. crumenifer 
S. D.+ 
1:50 
0.516 
0.008 
0.927 
0.026 
1:100 
0.423 
0.007 
0.783 
0.060 
1:200 
0.334 
0.011 
0.554 
0.040 
1:400 
0.261 
0.013 
0.377 
0.020 
1:800 
0.220 
0.009 
0.283 
0.008 
1:1600 
0.192 
0.019 
0.218 
0.011 
1:3200 
0.155 
0.010 
0.167 
0.008 
1:6400 
0.\5\ 
0.008 
0.145 
0.010 
1:12800 
_ 
-
0.143 
0.005 
Fig. 18 : ELISA profile of antisera raised against 5-HT, 
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ELISA profile of the antisera raised against 5-HT 
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Fig. 19 : Histogram showing the ELISA profile of the antisera 
raised against 5-HT. 
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ELISA profile of the antisera raised against 5-HT 
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IG.crumenifer 
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Plate- V 
Electron micrograph of the mitochondria (mt) of Explanatum 
explanatum (fig: 1) and Gastrothylax crumenifer (fig: 2) isolated by 
differential centrifligation after Abidi and Nizami (2000). Note the 
distinct shape and cristae of the organelles. 
6 0 
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Table 9 : Normal activity of neurotransmitter related enzymes in 
iiver and rumen amphistomes, Explanatum explanatum and 
Gastrothylax crumenifer. 
Enzyme Specific Activity 
E. explanatum G. crumenifer 
Monoamine oxidase^ 19.20 ±0.00 12.00 ±3.90 
Diamine oxidase 
Acetylcholinesterase^ 454 ±21 1,100 ±37.51 (AfterNizami etal., 1977) 
Vmoles benzaldehyde produced / mg protein / 30 min. 
j^imoles acetylcholine hydrolyzed / gm wet wt / h. 
- Enzyme not detected. 
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KINETIC STUDIES ON MONOAMINE OXIDASE OF EXPLANATUM 
EXPLANATUM: 
(i) Effect of different concentrations of substrate: 
The activity of MAO w£^ examined at different concentrations of 
benzylamine ranging from 1 mM to 9 mM. The results of the kinetic 
parameters are summarized in Fig 20 and Table 10. The Km and Vmax values 
were estimated from Lineweaver-Burk double reciprocal plot. The apparent 
Km value for MAO in E. explanatum was found to be 2.73 mM while the 
maximum velocity was 27.70 jjmole/ mg/ 30 min. The value of Vmax / Km 
was 10.15 (Table 10). 
(ii) Effect of pH: 
Enzymes show maximum activity at their optimum pH, therefore, 
MAO activity was assayed using the buffers of different pH range in order to 
determine the pH optima. 
The results of the present investigation are summarized in Fig 21, which 
clearly shows that maximum activity of MAO in liver amphistome was found 
at pH 7.6, and beyond this value a sharp decline was recorded in the enzyme 
activity. Therefore, Tris-HCl buffer of pH 7.6, was found to be most suitable 
for the enzyme activity. 
(iii) Effect of time of incubation: 
To study the influence of incubation time on the activity of MAO, the 
enzyme activity was determined at different time intervals. The time course 
study revealed the maximum enzyme activity at 30 minute incubation period. 
Thereafter, enzyme activity remains constant upzto 60 minute and then falls 
at 90 minute incubation time (Fig. 22). 
(iv) Effect of inhibitors: 
Pargyline, chlorgyline and deprenyl are well known inhibitors of 
monoamine oxidase used in a variety of organisms. These inhibitors 
produced different degree of inhibition on the enzyme activity. 
Fig. 20 : (A) Enzyme activity as a function of substrate concentration. 
(B) Double reciprocal-plot of Lmeweaver-Buik in. Explanatum 
explanatum. 
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Substrate concentration (jnM) 
0.4 0.1 0.2 0.3 0.4 
1/IS] 
6? 
Table 10 : Kinetic parameters of the mitochondrial monoamine 
oxidase of liver amphistome, Explanatum explanatum. 
Parasite Monoamine oxidase 
V n ^ * Kn,* ( m M ) V„^/Km 
Explanatum explanatum 27.70 2.73 10.15 
*Values were estimated from Lineweaver-Burk double reciprocal plot of 
saturation curve. 
Fig. 21 : Effect of pH on the MAO activity in Explanatum explanatum. 
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Fig. 22 : The time course effect on the activity of mitochondrial 
monoamine oxidase in liver amphistome, Explanatum 
explanatum. 
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Among the three specific inhibitors of MAO, the pargyline, chlorgyUne 
and deprenyl produced 12.15 %, 12.00 % and 9.45 % inhibition, respectively, 
in E. explanatim (Fig 23 and Table 11). 
(v) Effects of dnigs: 
The results of the present study have been presented in Fig 24 and 
Table 12. Three antihelmintic drugs have been used to investigate their effect 
on the activity of MAO. The anthelmintics under study produced varying 
degree of inhibition of the enzyme activity. The order of inhibition was 
oxyclozanide > levamisole > metrifonate, and the percent inhibition was 
94.00 %, 68.38 % and 63.48 %, respectively. Thus oxyclozanide appeared to 
be the most potent inhibitor of amphistome MAO. 
(vi) Effect of Serotonin (5-HT): 
The result of this smdy revealed that 5-HT could be a more suitable 
substrate for liver amphistome monoamine oxidase, as higher activity of 
MAO was recorded when 5-HT was used as a substrate instead of 
benzylamine at 5 mM concentration. The enzyme activity was 19.20 + 0.00 
and 56.25 + 4.45 |imoles / mg protein /30 min with benzylamine and 
serotonin, respectively, showing an approximately three fold increase (Table 
13) in the enzyme activity when serotonin was used as a substrate. But due to 
the limited availability of 5-HT, benzylamine was used in all the other 
studies. 
E.fflSTQCHEMICAL LOCALIZATION OF MONOAMINE-OXIDASE; 
The histochemical localization of monoamine oxidase was carried out 
on both the liver and rumen amphistomes, Explanatiim explanatum, and 
Gastrothylax cnmenifer respectively.The differential distribution of MAO 
with varying degree of staining in both the parasites has been recorded in the 
present study. The staining was either weak, moderate or intense depending 
upon the concentration of enzyme in a particular region. The results of this 
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Table 11 : The effect of preincubation (30 minutes) with inhibitors 
on the activity of mitochondrial monoamine oxidase in liver 
amphistome, Explanatiim explanatiim. 
Inhibitor Concentration 
Control 
Pargyline 
Chlorgyline 
Deprenyl 
(^M) 
50 
200 
200 
Specific Enzvme Activity 
l^moles Benzaldehyde 
/ mg protein /30 min 
19.00 + 0.52 
16.69 + 0.62 
16.70 + 0.82 
17.21 + 0.30 
produced 
±S.D. 
% Inhibition 
12.15 
12.00 
09.40 
*Three replicates of each were assayed. 
Fig. 23 : Effect of inhibitors on the MAO of Explanatum explanatum. 
C: Control, P: Pargyline, Ch: Chlorgyline,D: Deprenyl. 
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Table 12 : The effect of drugs on the activity of mitochondrial 
monoamine oxidase in liver amphistome, Explanatum explanatiim. 
Drug Concentration 
(mM) 
Specific Enzyme Activity 
Hmoles Benzaldehyde produced 
/ mg protein/30 min+S.D. • 
% Inhibition 
Control 
Metrifonate 
Levamisole 
1.00 
5.00 
Oxyclozanid 1.59 
20.15 ± 0.86 
07.36 + 0.66 
06.37 ±3 .31 
01.21 + 0.45 
63.48 
68.38 
94.00 
^Three replicates of each were assayed. 
Fig. 24 : Effect of drugs on the MAO of Explanatum explanatum. 
C: Control, M: Metrifonate, L: Levamisole, O: Oxyclozanide. 
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Table 13 : The effect of Serotonin (5-HT) on the mitochondrial MAO 
activity of liver amphistome, Explanatum explanatum. 
Substrate Specific Enzyme Activity 
(5mM) lamoles / mg protein / 30 minute ± S.D. 
Benzylamine 19.20 + 0.00 (3) 
5-HT (Serotonin) 56.25 ± 4.45 (3) 
Figures in parentheses indicate the number of replicates in each 
experiment. 
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Table 14 : Histoenzymologicai localization of MAO in liver and 
rumen amphistomes, Explanatum explanatum and Gastrothylax 
crumenifer. 
Worm region 
Syncitium 
Sub- tegument 
Oral sucker 
Intestinal caecae 
(i) Intestinal muscles 
(ii) Intestinal lumen 
Vitellaria 
Parenchyma 
Ventral pouch 
Gonads 
(i) Testis 
(ii) Ovary 
Acetabulum 
(i) Outer periphery 
(ii) Middle 
(iii) Inner periphery 
Enzyme activity in 
E. explanatum G. crumenifer 
-
+ + / + + + 
+ + 
+ + 
+ + + 
+ 
+ + /+ + + 
-/ + 
+ 
+ 
+ 
-
+ + / + + + 
+ + / + + + 
+ 
+ + 
+ 
+ + + 
+ + / + + + 
- / + 
+ 
+ + / + + + 
+ 
-absent, + low, + + moderate, + + + intense, - / + absent to low, + / + + + 
moderate to intense. 
Plate- VI 
Histoenzymological localization of monoamine oxidase in cryocut 
sections (8|im) of liver amphistome Explanatum explanatum (figs: 
1-4). 
Os: Oral sucker, Tg: Tegument, Stg: Subtegument, Pa: Parench-
yma, Vit: Vitellaria, Ic: Intestinal ceacae, Im: Intestinal muscles, II: 
Intestinal lumen, Ts: Testes, Ov: Ovary, Es: Egg shell, Ac: 
Acetabulum. 
Magnification: x 100. 
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Plate- Vn 
Histoenzymological localization of monoamine oxidase in cryocut 
sections (Syjim) of rumen amphistome Gastrothylax crumenifer (figs: 
1-4). 
Os: Oral sucker, Sc: Syncitial layer, Tg: Tegument, Stg: 
Subtegument, Pa: Parenchyma, Vit: Vitellaria, Ic: Intestinal caecae, 
Im: Intestinal muscles, Vp: Ventral pouch. Cm: Circular muscles, 
Ac: Acetabulum, Acm: Acetabular muscles. 
Magnification: x 100. 
78 
79 
In E. explanatum intense enzyme activity was found m vitellaria 
followed by subtegument. Formazan deposits were totally absent from the 
syncitial layer of the tegument. Moderate activity was found in oral sucker 
and intestinal muscles surrounding the intestinal lumen. In the parenchyma 
and acetabular region weak activity was recorded. Indistinct activity of MAO 
was also seen in gonads, whereas it was totally absent from eggshell and 
intestinal lumen. 
The enzyme in G. crumenifer exhibited strong activity in ventral pouch 
followed by subitegument and oral sucker regions. In gonads moderate to 
strong activity could be seen in testes. Differential enzyme distribution was 
also recorded in the acetabular region. Moderate to intense MAO activity 
was observed in the middle layer of acetabulum, while the peripheral and 
inner layer show low level of formazan deposits. MAO activity was totally 
absent from syncitial layer of tegument and intestinal lumen as also absent in 
E. explanatum. It was quite interesting that the areas where pronounced 5-HT 
distribution was evident, also displayed intense activity of the metabolizing 
enzyme, monoamine oxidase. 
CHAPTER V 
gu 
DISCUSSION 
The results of the present study revealed that tryptophan and tyrosine 
which serve as precursors for the neurotransmitters, 5-HT and dopamine, 
repectively, were utilized by liver as well as rumen amphistome under 
in vitro conditions. 
Helminth tegument forms an interface with the host environment and is 
a site where considerable metabolic as well as immunological interplay takes 
place. It is well known that the tegument of trematodes is a physiologically 
dynamic structure which is involved in the absorption of a wide variety of 
low molecular weight organic solutes and micronutrients such as amino 
acids. (Threadgold, 1963; Chappell, 1974; Asch and Read, 1975; Mercer and 
Chappell, 1985; Pappas, 1988 and Smyth, 1996). 
In both the amphistomes tegumental infoldings are present (Dunn, 
1984) and the ridges and furrows increase the surface area for absorption of 
micromolecules as also reported for other trematodes (Parkening and 
Johnson, 1969; Nollen et al, 1973; Nadakavukaren and Nollen, 1975). 
According to Smyth and Halton (1983) the surface papillae in helminths may 
serve as chemoreceptors, and help the parasite in selective uptake of 
nutrients. Further, Podesta (1981) suggested that the tegumental syncitium 
functions as a digestive and absorptive surface with specific transport carriers 
which mediate the fluxes of amino acids. In trematodes, absorption also takes 
place via intestine, but in practice ligaturing has been found to be 
unnecessary because, in short-term studies, there is no difference in the rate 
of uptake with either through the open gut or in ligatured wornis. The 
tegument may be the major route for the absorption of amino acids in 
Schistosoma sp (Asch et al, 1975a; Chappell, 1974), whereas the gut in this 
worm functions primarily in macromolecular digestion and the subsequent 
absorption of soluble digestive products (Carlisle and Weisberg, 1978; 
Halton, 1967). This was further supported in amphistomes by Abidi (1990). 
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It is evident from the results of kinetic studies on the tryptophan and 
tyrosine uptake that both qualitative and quantitative differences were 
evident in the two amphistomes where uptake follows a saturation kinetics 
along with the involvement of a diffusion component. The present results are 
in agreement with the previous findings of Pappas and Gamble (1980) on 
H. dimimita, where tryptophan and tyrosine were reported to be absorbed 
through a combination of saturable mediated transport and diffusion, via a 
high affinity carrier (Comford, 1992). Under the in vitro condition^, suum 
also take up tryptophan for the synthesis of 5-HT (Chaudhuri et al., 1988). 
Tyrosine uptake was also reported in other helminths like Taenia crassiceps, 
S.mansoni, S. japonicum and A. galli ( Haynes, 1970; Bruce et al., \911\ 
Smart; 1988). The nematode C. briggsae was found to be capable of 
synthesizing dopamine from precursor tyrosine (Kisiel et al., 1976). 
The possible reason for the occurrence of diffusion component could be 
the presence of a thick syncitial layer, mainly of glycocalyx, which may also 
frmction to minimize mechanical or osmotic damage to amphistome 
tegument (Dunn et al., 1987), since Barrett (1981) has also pointed out 
earlier that the absorptive surfaces are covered by unstirred, statbnary layer 
which can be crossed by diffusion and leads to over estimation of Kt and 
Vmax values. 
In Fascioles and Fascioloides the amino acid absorption across the 
tegument was considered to be by diffiision (Isseroff and Read, 1969), but 
the tegumental enzymes or other carrier proteins have also been found to be 
involved in the transport process (Lumsden, 1975). The role of surface amino 
peptidases in relation to the amino acid uptake in Moniliformis dubius has 
been investigated by Uglem et al, (1973). The presence of y-glutamyl 
transpeptidase in amphistomes (Abidi and Nizami, 1995) is primarily 
responsible for amino acid transport across the tegument, fiirther support the 
mediated transtegumental uptake of tryptophan and tyrosine in the present 
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carrier involved and energy requirement, if any, in parasites under study. It is 
evident from the present results that different transport loci could be present 
for the two amino acids used in this study and the differences in the Vmax 
values further indicate that the two trematodes appeared to be quite diverse 
with respect to their metabolic requirements, either due to their intergeneric 
differences or due to occupying diverse microhabitat. Jeffs and Arme (1985) 
also concluded that changes in Vmax reflect the changing metabolic needs in 
the developing cysticercoids ofH. diminuta. Perhaps intergeneric as well as 
microhabitat differences contribute to the over all influence on the metabolic 
activities of the two amphistomes because the differences in the ionic and 
osmotic behaviour of amphistomes from different microhabitat may reflect 
differences in their tegumental permeability (Siddiqi et ah, 1975). 
Since higher uptake of tryptophan was exhibited by both the worms 
under study, it may be possible that the precursor requirement for the 
synthesis of 5-HT is higher than the dopamine precursor, tyrosine. The 
E. explanatum inhabits liver and it is reported that liver is not a major source 
of serotonin, while about ninety per cent of total body serotonin is present in 
intestine (Erspamer, 1966). Therefore, the predominant presence of 5-HT in 
the intestinal lumen of G. cnimenifer as revealed by immunocytochemical 
studies is not surprising. Since G. crumenifer inhabits rumen, a serotonin rich 
microenvironment, therefore this rumen amphistome could directly take up 
host serotonin, and therefore, needs low amount of precursor as compared to 
the liver amphistome. 
According to WHO report (1983) platyhelminth nervous system acts as 
vulnerable target for drug action. Drugs may act at any of a number of sites 
important in neuromuscular system. These may include the synthesis and 
degradation of neurotransmitters. It was found from the uptake studies that 
different anthehnintics produced varying degree of inhibitory effect on the 
uptake of precursor amino acids. 
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The effect of anthelmintics like oxyclozanide and metrifonate on the 
tegumental damage of amphistomes has been demonstrated in a previous 
study (Ahmad et al, 1987). Oxyclozanide is a known flukicide that 
uncouples oxidative phosphorylation (Corbett and Goose, 1971; Probert et 
ah, 1981), causes neuro-physiological disorders (Fairweather et al, 1984; 
Ahmad and Nizami, 1990), disruption in muscular contraction leading to 
spastic paralysis (Ahmad and Nizami, 1992) and deep lesions and damage to 
surface papillae (Ahmad et al, 1987), will also interfere with neuro-
transmitter precursor uptake. The topographical disorders may interfere in 
the absorption of micromolecular nutrients, as also observed during glucose 
uptake in amphistomes (Zia, 1994). Tegumental disruption may be a possible 
reason for the inhibition of amino acid uptake in the presence of these drugs 
in the present study, 
Levamisole inhibits the fumarate reductase of trematodes and because 
of its inhibition ATP level comes down, which affect the protein synthesis 
and in parasites it is known that continuous turn over of outer surface is 
necessary for survival and because of low level of ATP production parasites 
will be unable to produce new surface and it is possible that levamisole 
disrupt the existing tegumental surface. Further, it is known that levamisole 
affects the neuromuscular coordmation which change the osmolarity of the 
tegument thus altering the tegumental permeability which will affect the 
amino acid uptake. 
Since E. explanatum occupies a nutritionally rich habitat and remains in 
a more or less constant environment, uptake was found to be more sensitive 
to drugs than G. crumenifer which inhabits rumen where the worm is 
continuosly exposed to the ionic and osmotic fluctuations due to dietary habit 
of the host and exhibit an adaptive tolerance indicating that the 
microenvu-onment may contribute to the development of a particular parasitic 
adaptation. 
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Beside the drug effect, the uptake of tryptophan was also found 
sensitive to 5-HT. The concentration dependent differential stimulation of 
tryptophan uptake by 5-HT, particularly in liver amphistome, E. explanatum, 
indicate that this monoamine could also be involved in the regulation of 
amino acid metabolism beside its involvement in carbohydrate metabolism as 
reported earlier (as reviewed by Mansour, 1984). However, further studies 
are required to work out whether the stimulatory effect exert its influence 
through the carrier molecules or by altering the enzymatic activities or by 
causing the changes in the affmity of transport loci etc. 
It is evident from the present study that generalisation is not possible 
with respect to uptake of different precursor amino acids and the effect of 
different drugs on the uptake process in amphistomes. Besides 
neurotransmitter precursor tryptophan is an important precursor in a variety 
of metabolic pathways, particularly in protein synthesis. Tyrosine has been 
suggested to be involved in autotanning during egg shell formation (Clegg 
and Smyth, 1966). Madhavi (1968) reported its presence in shell materials of 
amphistome Diplodiscus mehrai and it has also been detected in the vitelline 
cells of i^ . hepatica (Bogomopove and Chavpova, 1961). 
It can be seen from the tissue bound study that the precursor amino 
acid, tryptophan, could be predominantly incorporated into the tissues of 
both the amphistomes with some intergeneric differences. This suggests the 
possibility of that the label being incorporated into the serotonin molecule, 
thus indicating the possibility of de novo synthesis, however, further studies 
are required on the extraction, purification and characterization of 5-HT 
following incubation in the presence of labelled substrate in order to ensure 
the present assumption. 
Since uptake of tryptophan which is the precursor of 5-HT, was found 
considerably high in both the worms. Therefore, 5-HT was immunolocalized 
in the two amphistomes under study. Many workers reported the presence of 
5-hydroxytryptamine in parasites, where it is involved in a variety of 
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functions, such as neurotransmision and may also be involved in 
physiological, developmental and reproductive activity. Its involvement in 
the motility of parasites has also been suggested (Mansour,1964, 1984; 
Rahman and Mettrick, 1985; Mair et ah, 2000; Trim et ah, 2001). As 
revealed by IF A technique, the 5-HT was found to be widely distributed in 
amphistomes under study. In both the amphistome parasites the 5-HT 
immuno::reactivity was absent in the syncitial layer, whereas tegumental and 
sub3tegumental regions displayed moderate to intense immunoreactivity 
throughout the worms. It is well known that 5-HT plays a very important 
role in neuromuscular coordination, therefore, serotoninergic pathway could 
also be involved in the regulation of such activities in the amphistomes. 
Fairweather et al. (1987) reported extensive subitegumental nerve 
plexus with regularly spaced cell bodies immunoreactive to 5-HT in 
F. hepatica. From these cell bodies motor nerve fibres supply the muscle 
layers, fibres run towards the tegument, teiminating just beneath tlie basal 
lamina. Hoknes and Fairweather (1984) explained the role of 5-HT in 
motility of 5. mamoni. The 5-HT has also been detected in the body wall of 
nematode, A. Xetraptera (Anya, 1973). Gustafsson and Wikgren (1981) and 
Lee et al. (1978) suggested the role of 5-HT in the sensory nerves. 
Adult and developmental stages of parasitic flatworms rely on well 
developed neuromuscular system for host-attachment and hence the organ of 
attachment particularly the acetabulum showed strong immunoreactivity 
indicating the presence of serotoninergic fibers in amphistomes as also 
reported for Gorgoderina vitelliloba ( McKay et.al, 1991), S. mansoni (Mair 
et al, 2000) and F. hepatica (Fairweather et al, 1987; Gustafsson et al., 
2001) and cystecercoid larvae of i/. diminuta (Fairweather etal., 1988). 
The distribution of 5-HT in the pharyngeal region of the amphistomes 
may possibly account for the pharyngeal pumping as Raizen and Avery 
(1994) also reported that 5-HT is necessary to stimulate pharyngeal pumping 
in Caenorahabditis elegans and its ingestion is blocked by the serotonin 
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antagonist gramme, (Avery and Horvitz, 1990). Cytochemically and 
immimocytochemically the serotoninergic fibers have also been 
demonstrated in the pharyngeal region of G. vitelliloba, F. hepatica, 
A. tetraptera and in A. suum (Mckay et al, 1991; Gustafsson et al, 2001; 
Anya, 1973 and Brownlee et al, 1994a ,1995). 
The immunoreactivity was not seen in the intestinal caecae of the liver 
trematode whereas outer periphery and intestinal lumen of rumen parasite 
showed moderate to intense immunoreactivity, since ninety per cent of the 
total body content of 5-HT is found withcin the gastro-intestinal tract 
(Erspamer, 1966), so there is a possibility that because of high concentration 
of this biogenic amine in microenvifoment, the 5-HT of host origin may be 
absorbed via the alimentary route in G. crumenifer.These findings are in 
agreement with Martin and Donahue (1989), who suggested that 5-HT can be 
absorbed by the gastro-intestinal epithelial cells in ^ . Suum.. 
As evident from the present study, the 5-HT is richly distributed in the 
gonopore of E. explanatum and uterine wall of both the amphistome. It is 
possible that this neurotransmitter could be involved in vigorous contractions 
of uterine wall during passage of eggs, thus playing an important role in the 
reproductive physiology of amphistomes. The serotoninergic component in 
the reproductive system of parasites has been reported by a number of 
authors (Fairweathere? a/., 1987;Maulee?a/., 1990, 1993; Cable e?«/., 1996 
and Humphries et al., 1997). By using confocal scanning laser micrography 
5-HT has been demonstrated in the gonopore, genital atrium, uterus and egg 
assembly apparatus in F. hepatica, M. expansa, Discocotyle sagittata, 
Haematoloechus medioplexus and D. merlangi ( loc.cit.). Threadgold and 
Irwin (1970) and Smyth and Halton (1983) also suggested the regulatory role 
of 5-HT in the egg production of F. hepatica. According to Mckay et al. 
(1991) 5-HT also controls the gamete bearing ducts. 
It is well known, that besides the neurotransmissiori, 5-HT is also 
involved in carbohydrate metabolism and has the ability to stimulate energy 
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metabolism through elevation of cAMP and its presence in the reproductive 
system ensures an optimum energy level. This may be a reason for more 
activity in E. explanatum than G. crumenifer, because in E. explanatum eggs 
are produced throughout the year while in G. crumenifer seasonal 
reproduction has been reported (Hanna et al., 1988) but the immuno-
reactivity in egg shell of E. explanatum was possibly due to the 
autofluorescence. The absence of immunofluorescence in the ovary and 
testes is of interest. It is possible that this biogenic amine do exist in this 
region but in concentrations too low to be detected by the present method 
and a more sensitive technique like radioimmunoassay could be employed to 
ensure the present results. Therefore, further study is necessary before 
coming to any final conclusion.Though tiie antibody titre for 5-HT against 
G. crumenifer was higher than the liver amphistome, E. explanatum, but the 
differential immunoreactivity for 5-HT as revealed by immunofluorescence 
was more pronounced in E. explanatum. 
Strong antibody response suggest that the 5-HT mediated neuro-
muscular coordination could be blocked in amphistomes by using 
monospecific or monoclonal antibodies, however, further studies are required 
to check the cross-reactivity and immunoprotection. 
Monoamine oxidase is the main biogenic amine degradative enzyme in 
amphistomes under study, because diamine oxidase activity was neither 
observed in mitochondrial nor in cytosolic fractions of the parasites. Strong 
activity of another neurotransmitter degradative enzyme, acetylcholinesterase 
(AChE), has been reported in both the liver and rumen amphistomes in an 
earlier study (Nizami et al., 1977) from this laboratory, hence the data was 
used for comparison in Table 9. 
Monoamine oxidase is flavoprotein of the outer mitochondrial 
membrane, the activity of which has been demonstrated in a number of 
parasites, including N. braziliensis andiS. cem (Agarwal etal, 1985; 1990). 
Mishra et al. (1983) reported that in A. galli MAO was localized chiefly in 
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the mitochondrial fraction, the post mitochondrial fractions were practically 
devoid of this enzyme. 
The quantitative studies revealed the intergeneric differences in the 
activity of MAO in two amphistomes under study. High enzyme activity of 
bovine MAO using benzylamine in comparison to S-hydroxytryptamine has 
been reported (Yasunobu and Gomes, 1971). Contrary to this the MAO 
activity in amphistomes was found to be higher with 5-hydroxytiyptamine as 
compared to benzylamine in the present study .These results are in contrast to 
the cestode H. dimimita where no activity was found with benzylamine and 
5-hydroxytryptamine (Moreno and Barrett, 1979). Such differences in 
substrate preference in the host and parasite enzymes could serve as potential 
targets for chemotherapeutic interventions. 
Although, considerably high enzyme activity was observed in the 
present study when 5-HT was used alone as a substrate but due to its limited 
availability it could not be used in other studies. Hence benzylamine was 
used as substrate in all the kinetic studies. In E. explanatum the Vmax value of 
MAO was 27.70 |imol/mg/30 mm, whereas Abidi and Nizami (2G00) 
reported very high activity of MAO using kyneuramine as substrate in 
amphistome parasites. But generalization is not possible because the level of 
different amines could vary in the same parasite as well as the rate of 
deamination of different neuroamines by MAO could be different depending 
upon the physiological state of the parasite. In filarid nematode, S. cervi, 
benzylamine was deaminated at a rate of 8.67 nmol/min/mg protein (Agarwal 
et ah, 1990). In S. mansoni MAO activity was 3.52 and 0.62 mjimoles/mg 
protein/hr for tryptamine and serotonin respectively (Nimmo-Smith and 
Raison, 1968). Substrate specificity studies in H. diminuta indicated that 
highest MAO activity was evident when dopamine was used (Moreno and 
Barrett, 1979), also in N. braziliensis (Agarwal et aL, 1985) and S. cervi 
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(Agarwal et al, 1990), thus indicating the differential preference of amines 
by the enzyme of different parasite origin.. 
The Km value for the enzyme of E. explanatum computed from the 
Lineweaver and Burks plot was 2,730 }iM which is close to the K^ value 
reported for N. braziliensis MAO (2,380 \M) using dopamine as substrate 
(Agarwal et al, 1985 ) but differs markedly from the values reported for 
S. mansoni (20 yM) by Nimmo-Smith and Raison (1968) and for^. galli 
(1,660 |JM) by Mishra et al, (1983) when tryptamine and tyramine were 
used as substrate respectively. Usdin et al., (1981) reported the Km values for 
the mammalian MAO in the range of 50-5000 \JM. Further, the high values 
for Vmax and the ratio of Vmax to Km clearly show that the enzyme is highly 
active in liver trematode, E. explanatum. 
The pH optima ofE. explanatum MAO was found to be in the alkaline 
range i.e. 7.6. Another trematode parasite S. mansoni MAO (Nimmo-Smith 
and Raison, 1968) exhibits optimum pH range between 7.5-8.5. Yasunobu 
and Smith (1971) reported the pH optima in the range of 7.4-7.6 for MAO in 
beef plasma when benzylamine was used as a substrate. Mitochondrial MAO 
from monkey intestine also showed optimum activity at pH 7.6 (Murali and 
Radhakrishnan, 1970). In most of the nematodes, A. galli (Mishra et al., 
1983), N. braziliensis (Agarwal et al., 1985) and S. cervi (Agarwal et al., 
1990) the optimum activity was recorded at pH 7.5. Slightly higher pH 
optima in E. explanatum may possibly be in response to the surrounding 
microenvu-onment where pH is also alkaline. 
The time course study revealed the maximum MAO activity at 30 min 
incubation time in E. explanatum. Murali and Radhakrishnan (1970) and Sen 
et al. (1968) reported the linear increase in enzyme activity was followed 
upto 60 min in rat heart and monkey's intestine respectively, while 120 min 
in S. mansoni (Nimmo-Smith and Raison, 1968). Time activity relationship 
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of MAO of ^. gain (Mishra et al, 1983) and N. braziliensis (Agarwal et al, 
1985) showed linearity upto 10 min. 
It is well known, that the oxidative deamination of various biogenic 
amines is inhibited by various reversible and irreversible MAO inhibitors. 
However, the level of inhibition of monoamine catabolism may be same for 
all the amines or different for different amines (Tipton and Corte, 1979). 
MAO activity of E. explanatum was inhibited by known specific 
inhibitors. The per cent inhibition by pargyline was slightly more than 
chlorgyline. Deprenyl caused minimal inhibition of E.explanatum mito-
chondrial MAO. The order of inhibition agreed with the report of Abidi and 
Nizami (2000), as they observed that the pargyline produced relatively more 
inhibition of enzyme activity, 14.48 %, followed by chlorgyline and deprenyl 
(9.01 % and 2.46 %) respectively, during in vitro analysis of motility of 
araphistome parasites. 
Chlorgyline (Johnston, 1968) and deprenyl (Knoll and Magyar, 1972) 
play an important role in distinguishing the two main types of mitochondrial 
MAO as type A and type B. Differential inhibition by chlorgyline and 
deprenyl indicate that both these forms are present in E. explanatum although 
MAO A constitute the major fraction as also evident from the high activity 
when 5-HT was used as substrate which is specific for MAO-A, while 
p- phenylethylamine is specific substrate for MAO-B. 
Cloning of cDNA for MAO A and MAO B of mammals, carried out in 
late 80's, showed both enzyme sequences contained the FAD penta- peptide 
but differ in primary amino acid sequences (Bach et al., 1988) and encoded 
by separate genes (Weyler et al., 1990). The human genes for MAO-A and B 
show a high degree of sequence similarity and both are located on the short 
arm of X chromosome (Lan et al., 1989; Shih, 1993) where they are arranged 
tail to tail separated by about 40-45 Kb (Chen et al., 1991). hi the majority of 
tissues MAO-A and MAO-B are coexpressed . 
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It has been suggested that inhibitors of MAO potentiate the effects of 
noradrenaline and other amine by blocking their degradation in the cytosol 
by the MAO (McGilvery and Goldstein, 1979). Isoforms of MAO are also 
reported m other parasites. Nimmo-Smith and Raison (1968) suggested the 
existence of two forms of MAO in Schistosomes by using different 
substrates. Moreno and Barrett (1979) observed 18, 39 and 45 % inhibition 
of MAO in H. diminuta when incubated in the presence of iproniazid (300 
|JM), nialamide (300 |iM) and pargyline (500 \M), respectively. Further 
iproniazid, nialamide and pargyline caused 65, 72 and 93 % inhibition in 
A. gain while 60 % and 40 % inhibition by chlorgyline and deprenyl 
indicated the presence of both isoforms (Mishra et al., 1985). The per cent 
inhibition is also dependent upon the concentration because at 10 M 
concentration chlorgyline and deprenyl caused 59 % and 39 % inhibition of 
S. cervi MAO activity, while at 10"^  M concen-tration they produced 90 % 
and 76 % inhibition respectively. 
The differential response of the enzyme to the inhibitors under study is, 
therefore, due to the polymorphic forms of enzyme. Pharmacological studies 
involving enzyme inhibitor structure activity and radioligands using [^ ''C] 
chlorgyline, [^ "^ C] pargyline and [^ ''C] deprenyl, indicated that these inhibitors 
were bound to the same active sites on two enzyme (Salsch et al., 1979; Yu, 
1981). However, the differential response of the enzyme to inhibitors in 
different parasites could also be because of the influence of 
microenvironment. As a number of different experimental approaches have 
shown that the properties and inhibitor sensitivities of monoamine oxidase 
are affected by its lipid environment (Tipton and Corte, 1979). Multiple 
forms of MAO have also been demonstrated by electrophoresis in developing 
brain of red hens, rat liver and human placenta (Shih and Eiduson, 1969; 
Youdimefa/., 1970). 
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The anthelmintic used (metrifonate 1 x 10"^  M, levamisole 5 x 10"^  M 
and oxyclozanide 1.59 x lO'^ M ) in the present study produced significant 
inhibition of MAO activity. 
Levamisole contain substituted amine group, and such compounds are 
frequently potent inhibitor of monoamine oxidase (Blashko, 1963). The 
mhibition ofE. explanatum MAO by levamisole is close to the inhibition of 
MAO in H. diminuta where this drug produced 65 % inhibiton (Moreno and 
Barrett, 1979). In N. braziliensis the MAO activity was lowered by 27 % 
after incubation with drug (Agarwal et al., 1983). The MAO activity of the 
filarid nematode S.cervi was inhibited by levamisole following preincubation 
for 15 minutes (Agarwal et.al, 1990). 
The oxyclozanide was found as the most potent inhibitor and produced 
very significant level of inhibition of oxidative deamination by 
E. explanatum eiLzyme. Earlier, Ahmad and Nizami (1992) observed that 
oxyclozanide produced spastic paralysis in amphistome parasites, indicating 
that oxyclozanide interferes with proper neuromuscular coordination. 
Oxyclozanide and metrifonate are reported to cause pronounced damage at 
the tegumental surface of the amphistomes. It was observed ultrastructurally 
that these drugs were responsible for peeling off the tegumental surface, 
because of which internal organs were exposed and deep crater like lesions 
were evident over the exposed tissues (Ahmad et ah, 1987). It is possible that 
these drugs also caused disruption of mitochondrial surface, thereby affecting 
the activity of mitochondrial membrane bound monoamine oxidase as 
observed in the present study. 
Further, the histoenzymological localization of monoamine oxidase 
revealed differential intensities of the formazan deposits in the two 
amphistomes, E. explanatum and G. crumenifer, under study. 
The syncitial coat which is predominantly a glycocalyx layer and devoid 
of mitochondria (Dunn et al., 1987), did not show any enzyme activity. 
However, MAO was differentially distributed in other regions with varying 
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intensities. In both the wonns under study moderate to intense enzyme 
activity was observed in the subtegumental and parenchymatous regions 
which are rich in mitochondria. The gastrointestinal worms, particularly the 
digeneans, may absorb the dietary amines of host origin through their 
metabolically active tegumental surface, therefore, strong MAO activity in 
the subtegumental region could detoxify the exogenous amines to protect the 
parasite from deleterious effects, thus, playing an important role in host-
parasite interactions. In physiologically active tissues the MAO activity was 
usually foimd to be associated with 5-HT storing cell (Erspamer, 1966). 
Similarly in A. galli MAO was also concentrated mostly in the body wall 
region containing neuronal structures (Mishra et al., 1983). In another study 
MAO was found to be mainly concentrated in the cuticle-muscle-hypodermis 
layer of the filarid, S. cervi (Agarwal et al., 1990). 
Moreno and Barrett (1979) suggested that in H. diminuta the main 
function of the monoamine oxidase is to protect the parasite against 
exogenous amines present in the host gut. The gut bacteria are also 
responsible for the formation of amines (Nag et ah, 1978). Large amoimt of 
host amines in the microhabitat may be a reason for more enzyme activity 
being present in the attachment organ and subrtegumental region of the 
rumen amphistome. Large number of mitochondria are reported to be present 
in the ventral pouch region of the rumen amphistome, G. crumenifer (Durm 
et al., 1987), therefore, the occurrence of strong MAO activity in this region 
is not surprising since this region is mainly associated with the gaseous 
exchange in parasites.Although the 5-HT immunoreactivity in gonads could 
not be demonstrated in the present study but the presence of MAO in gonads 
is consistant with the known transmitter and hormonal role of 5-HT in 
trematode reproductive function. MAO activity was also reported in the 
reproductive organs of female A. galli (Mishra et al, 1983) and gonads of 
female S. cervi (Agarwal et al, 1990), while weak activity of MAO was also 
demonstrated histochemically in the nematode A. tetraptera (Anya, 1973). 
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It is clear from the present study that this amine degradative enzyme is 
ubiquitously distributed in amphistomes imder study, but its activity varies in 
different regions possibly due to the different physiological state, differential 
distribution of metabolites and the specific metabolic requirement of the 
parasite. 
Therefore, it can be concluded from the present study that parasites 
under study exhibited differences in the uptake of neurotransmitter precursor 
amino acids as well as displayed the regional differences in 5-HT and MAO 
distribution. However, both the amphistomes showed abundant expression of 
serotoninergic component of the nervous system. Collectively the immuno-
cytochemical data suggests the role of 5-HT in the motor activity, sucker 
fimction and reproduction. An enormous production of eggs throughout the 
year by the liver amphistome could be explored as an important target for 
chemotherapeutic intervention whereas seasonal reproductive cycle should 
be taken into account if rumen parasite is used. The monoamine oxidase was 
primarily responsible for the catabolism of biogenic amines in the 
amphistomes where diamine oxidase was completely absent. The 
anthelmintics not only inhibit the uptake of neurotransmitter precursors, the 
tryptophan and tyrosine, but also inhibit monoamine oxidase which is 
responsible for the defoxification of biogenic amines. Therefore, disruption 
of precursor uptake, blocking of the MAO activity by specific inhibitors and 
drugs indicate that such informations could be exploited for the application 
of chemotherapeutic control measures, as also stressed in a WHO (1983) 
report that the study of neurophysiological and neurotransmitter activities of 
hehninth parasites act as vulnerable targets for parasite control, hi spite of 
investigation of some of the key steps involved in 5-HT metabolism (Fig. 25) 
a nmnber of intermediary steps need to be investigated to work out the 
idiosyncracies before any conclusive picture could be drawn for 
chemotherapeutic intervention in the aminergic pathways. 
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CHAPTER VI 
«D 
SUMMARY 
The present dissertation deals with some aspects of the physiological 
and biochemical activities associated with the nervous system of amphistome 
parasites. The liver and rumen amphistomes, Explanatim explanatum and 
Gastrothylax cnmenifer, respectively, were selected in order to study the 
intergeneric differences in the uptake of neurotransmitter precursor amino 
acids (^H)L- tryptophan and (^H)L- tyrosine, their tissue incorporation, the 
effect of 5-HT on tryptophan uptake by scintillation counting, immunocyto-
chemical localization of 5-HT in cryocut sections, antibody titre against 
endogenous 5-HT by ELISA and the characterization of monoamine oxidase 
by biochemical assay and its histochemical localization have been 
accomplished. 
It has been found that under in vitro conditions utilization of tryptophan 
was higher than tyrosine in both the amphistome parasites. Further the 
uptake of these precursors follows a saturation kinetics with the involvement 
of a diffusion component, indicatmg the involvement of a carrier for 
transport across the tegument. Both quantitative and qualitative differences 
with respect to the incubation time as well as differences in the kinetic 
parameters, Kt and Vmax, were evident. It is evident from the results that the 
two amphistomes under study have different transport loci. The transport loci 
in E. explanatum showed higher affinity for tryptophan than tyrosine, 
whereas G. cnmenifer showed high affinity for tyrosine followed by 
tryptophan. However, E. explanatum exhibited higher metabolic requirement 
for both the amino acids. Differences in Kt and Vniax values suggests that 
these trematodes are quite diverse with respect to their metabolic 
requirements, perhaps a consequence of occupying two different 
microenvironments. 
Various anthelmintics used in the present study produced marked 
inhibitory effects on the amino acid uptake. Maximum inhibition of 
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tryptophan uptake in E. explanatum was caused by oxyclozanide followed by 
metrifonate and levamisole, whereas for tyrosine the order of inhibition was: 
levamisole > metrifonate > oxyclozanide. hi rumen parasite these drugs 
produced varying degree of inhibition but in the same order: levamisole > 
oxyclozanide > metrifonate, for both the amino acids. Thus the drugs used in 
this study affect transmembranosis in both the parasites but the effects were 
less pronounced in the rumen amphistome. 
Both amphistomes displayed high requirement for tryptophan which is 
the precursor of neurotransmitter, 5-hydrxytryptamine. The immunocyto-
chemical localization of 5-HT in both the worms revealed that this amine is 
widely distributed in amphistome parasites. 
Immunoreactivity in suckers, tegumental region, parenchymatous 
tissues, uterus of both the trematodes as well as along the muscular lining of 
ventral pouch in rumen trematode and m the gonopore of liver trematode, 
indicates the role of this neuroamine in neuromuscular coordination, 
migration, feeding and reproductive physiology of amphistomes. Marked 
difference was observed in localization of 5-HT in intestinal cecae of the 
two worms. The presence of S-HT was recorded in the intestinal lumen of 
rumen amphistome whereas liver trematode was devoid of any 
immunoreactivity in this region. High antibody titre as revealed by ELISA 
profile was recorded against the 5-HT using soluble homogenate of both the 
amphistomes. 
It was found in the present study that in amphistome parasites 
monoamine oxidase is primarily responsible for the oxidative deamination of 
amines and the diamine oxidase activity was neither observed in the cytosolic 
nor mitochondrial fractions of parasites. 
Since the level of activity of monoamine oxidase was found quite high 
in liver trematode, therefore the enzyme of this parasite was further 
characterized for various kinetic parameters using benzylamine as a 
substrate. The enzyme activity showed Michaelis - Menton kinetics where 
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diffusion component along the mediated transport was evident. The K^ value 
was found to be 2.73 mM, using benzylamine as substrate. The V a^x values 
and ratio of Vmax/Km reflect a high metabolic requirement of tryptophan by 
E. explanatum.The microenvironment influence the metabolic activities of 
the parasites and it was found that in the alkaline environment of liver 
E. explanatum exhibited maximum activity of MAO at pH 7.6. The time 
course study revealed highest enzyme activity at 30 min. 
The enzyme was differentially inhibited by chorgyline and deprenyl, 
which clearly reflected the presence of both forms of monoamine oxidase, 
MAO-A and MAO-B, in the liver amphistome. The order of inhibition was: 
pargyline > chlorgyline > deprenyl. The level of inhibition confirmed that 
MAO-A could be the major form than MAO-B in the liver trematode. 
Further, to monitor the effect of some anthelmintic drugs on the enzyme 
activity, three known anthelmintics, levamisole, oxyclozanide and 
metrifonate were used. These drugs produced considerable amount of 
inhibition in enzyme activity. 
Serotonin is specific substrate for MAO-A and it has been found that 
monoamine oxidase activity increased several fold when 5-HT was used as 
substrate instead of benzylamine. Due to the limited availability of 5-HT, 
benzylamine was used in all the kinetic studies. But the differential 
preference of substrate by the host and parasite MAO could be an important 
target which could be exploited for chemotherapeutic measures. 
Monoamine oxidase has also been investigated histochemically in order 
to see its differential distribution inboth the liver and rumen parasite. This 
enzyme was found to be ubiquitously distributed in both the worms with 
differential formazan deposits in different regions. 
The subtegument showed pronounced enzyme activity while enzyme 
was totally absent from the syncitial layer in both the worms. Intense activity 
was recorded in oral sucker and muscular lining of ventral pouch in rumen 
amphistome, whereas the activity was moderate in the oral sucker region of 
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the liver trematode. Such variations reflect the intergeneric physiological and 
biochemical differences which could also be a consequence of occupying 
ecologically different microenvironment within the same host. However, 
further studies are required on the related neurophysiological activities which 
could be significant fi-om host-parasite interaction point of view in order to 
find out the idiosyncratic points for the application of control measures. 
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